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DEMONSTRATION OF FORMULZ FOR TRUE 
MEASUREMENT OF CORRELATION. 


By C. SPEARMAN. 


It seems daily more evident, that one of the most important 
tasks awaiting psychologists is the accurate measurement of 
the ‘correlations’ (7. ¢.; the tendencies to concurrent variation ) 
between psychical events, qualities, faculties or other charac- 
teristics. For this purpose a now well-known method of cal- 
culation has been evolved by Bravais, Galton and Pearson, 
which furnishes a numerical ‘coefficient’ measuring precisely 
the degree of proportionality between any two series of values; 
this coefficient is usually denoted by the symbol r.’ Should 
on any occasion the correlation between the two series take 
some more complicated form than that of simple proportion, 
then r has to be supplemented by further terms to express such 
correlation completely; r remains, however, the principal term 
(with or without some unessential modification of outward 
shape). 

Unfortunately, there is a considerable step between arriving 
at a coefficient of correlation and discovering the érue coefficient. 
In the first place, the values immediately attainable by inves- 
tigation are not those of the characteristics really investigated, 
but only those of measurements, and—in the case of psy chol- 
ogy—for the most part very fallible measurements. Secondly, 
it is usually quite impossible to keep the investigation clear 
of many factors that do not properly belong to it. The 
actual effect of these two disturbances, the observational errors 


1¥For method of calculation see this Journal, 1904, XV, pp. 77-8 (but 
for ‘‘median’”’ substitute ‘‘average’’). 
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and the irrelevant factors, is not merely to diminish somewhat 
the accuracy of the calculation, but to render the apparent cor- 
relation (whether calculated or merely casually inspected) 
wholly untrustworthy. A large correlation may be obliter- 
ated ; an illusive one may be conjured up where none exists 
really ; it may even happen that a positive correlatiou is turned 
into an apparently negative one, or vice versa. 

Now, two formulz were given by me in this Journal some 
time ago,’ whereby the effect of both these disturbances can, as 
I believe, be eliminated. The formulze were, however, not 
accompanied by any p7oofs. So many other mathematical for- 
mulz were given at the same time, that the formal demon- 
strations of them all would have made the article exceedingly 
cumbersome.” But since then I have repeatedly been asked 
for these proofs; some mathematicians have gone so far, as to 
doubt whether such proofs could possibly be valid. It there- 
fore seems advisable to publish them.* 

For convenience of demonstration, I will commence with the 
formula for eliminating irrelevant factors, although in applica- 
tion the other formula must be used first (to a// the coefficients 
entering into the former formula). 

&. Proof of the formula for eliminating the effect of irrelevant 
factors. 

Let X, Y, and Z denote the values of any three variable 
and correlated characteristics of objects of any particular class 
(for instance, their height, length and breadth). Let their 
average values be denoted by ax, ay and a, respectively; let 
ax — X =x, ay — Y=y, and a,— Z=z. Further, let 
and bx, be such values,that [x —(bsy y + z) ]’ is a 
minimum. Equating to o the differentials of this sum with 
respect to both bxy and bxz, and solving these two equations 
for bxy, we find 


Ixy Txz . Tyz Vv > x? 


=xy.3z?— 


bx 


1Vol. XV, 1904, pp. 88-96. 

As an example, it may be mentioned that another formula given in 
the same article has just had to be demonstrated also. The simple 
statement of values, as originally given in this Journal, took up only 
a couple of lines; whereas the mathematical demonstration (in the 
British J. of Psych.) fully occupies three pages. 

*These formule are again much utilized in a paper of Professor 
Krueger and myself in the Zeitschrift fiir Psychologie (44, p. 48). 

* Parts of the printer’s — have very kindly been looked over by 
Drs. Herglotz and Carathéodory (lecturers on mathematics, Univer- 
sity of Géttingen) and Dr. Ebrenfest, who have furnished valuable 
criticisms. 


1 
. 
es 
4 
tie 
| 
a 


MEASUREMENT OF CORRELATION. 163 


where rxy denotes Pearson’s correlational coefficient ih 
= xy 
Zy*, 

and rx, and ryz have similar meanings. 
2 


Ixy — Ixz. V/> 
Analogously Vani , so that 


Txy Txz . Tyz 


* 


Let us next suppose our whole class of objects to be split 
up into groups, a group embracing all those objects for which tT 
Z has any constant value. Let us apply the considerations and I 
notation of the preceding paragraph to the k“ such group 
apart. The term Dre vanishes, since zo clearly = o. i 


We get, then, 3(x — Dry, y) ?=a minimum, from which 


d = xy 
= (x — 0, so that 
As byx, has an analogous value, 4 rf 
= xy 
Dyxy V3 xi. Vic ( 
Now, in general the value of byy, differs from that of Day; : # 


but in three special cases here interesting us it can be shown 


to coincide. if 

The first case occurs when the following assumptions are Bf 
permissible : 
Day, = bay, = Dry, =... = dry, , (c) 
byx, = byx, = byx, =... = =... , (d) 

ax, — ax, =e - Z, and (e) 

ay, —%, =f-Z,, (f) 


e and f being constants. It will be convenient to conceive all 
the objects as represented geometrically by positions having 
as ordinates X, Y and Z. The equations x — bxy,y = 0 evi- 


dently denote what may be called ‘minimal lines,’ bsy, being 
determined for each value of k by the relation = (x — bxy,y)* 
= a minimum ; and all such minima may be regarded as part 


1This result was reached, in a somewhat different manner, by Yule 
(Proc. R. Soc., Vol. LX). ‘ 
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sums of a total minimum which, transforming from x and y to 
X and Y, may be written as 


[X — bay, — (ax, — ayy 
or, shorter, as 23 (X — bsy, Y — Ex )’, or simply as = m. 


On the other hand, x — bsyy — bxzz = 0 is a ‘total min- 
imal plane,’ bxy and bx, being determined by the relation 
= (x — bayy — bxzx)*? = a minimum; and this minimum 
can be regarded as made up of part sums (not necessarily min- 
ima individually), one for each different value of Z, and there- 
fore may be written as 


>> [x — bsyY — (bx2Z* + ax — buyay — bxzaz 


or, shorter, as (X — — E*) ?, 


or simply as M. Evidently, the difference between =m and M 
depends on that between E; and E*. But the former is the 
value that makes every part sum of the form in question a 
minimum, as may readily be found by determining E from the 


equation (X —bY— E)?=o0. Hence, if E* differs 


from Ex for any single value of k, the corresponding part sum 
of M becomes greater than that of =m. A fortiori, the total 
effect of all differences between E* and Ex, for all values of k 
must be to make M greater than =m. But in the present case 
it happens to be possible for all corresponding parts of =m and 
M respectively to be identical; for the ‘minimal lines,’ from 
which =m derives, must—owing to the conditions (c), (e) and 
(f)—lie in one plane; and there is no condition preventing 
this plane from coinciding with the ‘total minimal plane,’ from 
which M derives. Since M can wholly coincide with =m, it 
must do so, for otherwise it would not be a minimum, as re- 
quired by hypothesis. Hence finally, bry = by, and, taking 
into consideration the equations (a) and (b), we arrive at the 
desired result, 
— Pxz- Tyz 


Vai (8) 


The second case is where equation (f) is assumed once more 
and also bsy, = bsy, = Dxy, =... = by, =... =0. (h) 
It is clear that all the minimal lines must again lie in one plane, 
and this can again be shown, by reasoning as above, to coincide 
necessarily with the ‘total minimal plane.’ Consequently bxy 
= bxy, =0. Hence equation (g) again holds good, either 
side of it now being equal to o. 
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The third case is similar to the first, with the exception, that 
bzy, is permitted to vary with k. Under these conditions the 
equation (g) will be found valid to the extent of giving the 
most probable mean value of rxy,. 

In equation (g) we have reached at any rate the form of the 
formula for eliminating irrelevant factors. But now we have 
to see whether, also, the constituent terms of this equation 
correspond to the respective values concerned in the actual 
investigation of correlation. Let us therefore turn to actuality, 
say, to the correlation found in my previous paper between 
children’s power of discriminating pitch and that of discriminat- 
ing weight. As irrelevant factor let us take the children’s vary- 
ingage. Clearly, the actually observed correlational coefficients 
are derived from three variables, discrimination of pitch, dis- 
crimination of weight, and age; they correspond perfectly to 
Izy, Txz and ry, on the right of equation (g). But the factor of age 
is obviously irrelevant and disturbing; suppose, for instance, that 
both discrimination of pitch and that of weight improved with 
age; then of course we should find a correlation between the 
two sorts of discrimination, for both would be best in the same 
children, namely, the oldest; such correlation is evidently be- 
side the question. Our true course of investigation would 
have been to select for experiment children of exactly the same 
age; but this is precisely the way we arrived at rsy,: thus rxy, 
is the desired ¢ruve correlation between x and y. 

It remains to be considered how far the actual observational 
material fulfils the special conditions under which alone the 
formula (g) has been shown to be exact. The present topic, 
that is, the elimination of irrelevant factors, comes under our 
above ‘first case ;’ we need, therefore, the relations, (c), (d), 
(e) and (f). Of these the two latter are equivalent to requir- 
ing the correlations of the irrelevant term (here, age) with the 
two main terms (here, discrimination of pitch and of weight) 
to be linear. This limitation is less serious than might be sup- 
posed ; for the inexactness of the corrective formula only be- 
comes appreciable when the irrelevant correlations depart from 
the linear form very largely; and experience has shown such 
large deviations to be extremely rare. Anyhow, it can scarcely 
be a matter of surprise that irrelevant correlations become diffi- 
cult to treat when non-linear, seeing that no quite satisfactory 
formulze have yet been discovered even for the bare measure- 
ment (7. e. antecedently to all corrections) of the main correla- 
tion when non-linear. 

Finally, the two other conditions (c) and (d), mean that the 
true correlation must not change appreciably for the different 
values of the irrelevantterm. Now, such changes may be taken 
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as, in general, of a smaller order of magnitude than the altera- 
tions to be eliminated by the corrective formula, those produced 
by mixing different values of the irrelevant term. To return 
to our instance, there is good reason to believe that most cor- 
relations are very similar for children of 9 years as for those of 
12, although the gravest disturbance will often occur if 9 and 
12 years be thrown together into one and the same correlation. 
Conditions (c) and (d) may therefore be considered sufficiently 
satisfied whenever the irrelevant influence to be eliminated is 
of moderate amount. But if, instead of confining our experi- 
ments to the ages of 9-12, we had included those down to, say, 
5, then the true correlation for 5 years would probably have 
had quite a large discrepancy from that for 12. In such case 
one could at most expect any general ‘true’ correlation to sig- 
nify the true mean correlation; and this, as we have seen, is 
the value actually given by our formula. 

2. Proof of the formula for eliminating the effect of inaccurate 
observation. 

We will assume any two correlated series of values, X and Y 
to have each been measured twice independently, and to have 
yielded the series of measurements x,, x,, y, and y,. The co- 
efficients Tx,y,, Tx;x. aNd can, Of course, be 
reckoned directly. We require a formula to reckon rxy. 

Let us first consider the correlations between x,, x, and X, 


and see how the coefficient between x, and x, becomes modi- 
fied when a separate calculation is made for each group of ob- 
jects for which X is constant, say, = X,. We may fairly as- 
sume the average of all the measurements x,, (or x,,) to co- 


incide with X,, or at any rate to vary proportionally thereto 
for the different values of k; hereby the condition (f) is satis- 
fied. Further, when we consider any k** group quite apart, 
since the fluctuations in the two series of measurements x,, 


and x., of the same value X, are by hypothesis independent 
of one another, bx,x,, (or bx,x,, ) always = o, thus satisfying 
the condition (h). Consequently, we have here our ‘second 
case’ and 
= tex) te) 
where X is fixed at X, on the left side of the equation, but 
remains variable on the right. Therefore, since r cannot be 
infinitely great, 
Tx, x, Tx,x Ix,x, and analogously (j) 
Ty: = Ty, - (k) 


é 
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Next, let us consider the correlations between x,, X and y,. 
If we again make a separate calculation for each group of val- 
ues for which X is constant, the condition (f) is satisfied just 
as before. Further, in the calculation for any k group con- 
sidered quite apart, X,, being a constant, is independent of 
the fluctuations in the measurements y,,, so that by,x, = 0 
and condition (h) is satisfied again. Hence our ‘second case’ 
occurs once more and 


Tx,y, — Tx, x - Ty, x 


r. = 
Yik ) (1 (1) 
From this evidently 
and, analogously, = 72%. (m) 
Tx, x Tx, 4 
Likewise ty, x = 
x1 Xe 
Tx, y == (0) 
Ty, y Tyey 
and Tx, = = Txeye (p) 


Ty y Ty, ¥ 
Finally, let us take the correlations between x,, X and Y. 
By reasoning as before, we get 


Ix, ¥ Tx, Y — Tx,x - Ixy = 0, 
= 
(1 — y) 


from which it is evident that 


rx y = ™¥ and analogously, 
: Tx,xX 


By multiplying together the four preceding equations to rx y, we 
have 
rx y4 Tx, Vv - - Ty, x Ty,x- 
Tx,X . Tx,X Ty, Y . Ty. ¥ 
Substituting on the right of the above equation from (j), (kK), 
(m), (n), (0), and (p) and taking the real positive root, we 
find at last 


=: G (Tx, yi Txiye Txey + yo) ( ) 
G ( Tx, x2» Ty:y2) 
where G denotes the geometrical mean. 


Tx v 
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In practice it will usually be allowable to assume that the 
two series of measurements of the same series of things have 
been conducted with equal accuracy. Then rx,x = fx,x and 
Ty, ¥y = Ty, y, SO that equation (q) becomes 


Ixy ( = = Tx: ys = = 
G ( Tx; x2 ’ Ty; ys) 


The discrepancies that will occur between the four actuas 
values of r, y must then be attributed to mere chance, and must 
be met, as usual, by taking an average. Thus we get, on the 
assumption of the equally accurate series of measurements, 


Tx y 


4 


rx y — 


WV Fz, x0 ys 


The above proof of the formula for eliminating the effect of 
observational errors is, as we have seen, exact and perfectly 
general. It holds good whatever may be the distribution of 
values, or the size or distribution of the observational errors, 
in the series concerned and whatever may be the correlation’s 
form. Any discrepancies arise solely from the practical neces- 
sity of applying the formula, not to the whole series of values 
considered, but only to ‘random samples’ of such series. By 
sufficiently extending the experiments, the chance of discrep- 
ancy may be reduced as much as desired. The formula for 
irrelevant factors is equally general, except for the two limita- 
tions explained above. 

Both formulz concern themselves, however, solely with r, 

=xy 
that is, with J 3x2. Sy? But, as mentioned before, when the 


PE 


relation between the two characteristics investigated assumes 
some special form, instead of the normal ‘linear’ form of simple 
proportion, then this special form finds no expression whatever 
in rtakenalone. Toexpress this form analytically, other addi- 
tional terms are required. The exact nature of these additional 
terms (as well as the outward shape of r itself) varies some- 
what according to the method of calculation adopted. But 
there is, probably, no mathematical difficulty in devising modi- 
fications of our corrective formule to suit any such terms. 

It should be observed, that in many cases the non-linear 
form is more apparent than real. Generally speaking, a mere 
tendency of two characteristics to vary concurrently must be 
taken, it seems to me, as the effect of some particular underly- 
ing strict law (or laws) partly neutralized by a multitude of 
‘casual’ disturbing influences. The quantity of a correlation 
is neither more nor less than the relative influence of the un- 
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derlying law in question as compared with the total of all the 
influences in play. Now, it may easily happen, that the under- 
lying law is one of simple proportionality but the disturbing 
influences become greater when the correlated characteristics 
are larger (or smaller, as the case may be). Then the underly- 
ing simple proportionality will not appear on the surface; the 
correlation will seem non-linear. Under such circumstances, 
r cannot, it is true, express these variations in the quantity of 
correlation; it continues, however, to express completely the 
mean quantity of correlation. 

In the majority of the remaining cases of non-linearity, the 
latter is merely due to a wrong choice of the correlated terms. 
For instance, the correlation between the length of the skull 
and the weight of the brain must, obviously, be very far from 
linear. But linearity is at once restored (supposing all the 
skulls to belong to one type) if we change the second term 
from the brain’s weight to the cube root of the weight. 

To conclude, even when the underlying law itself really has a 
special non-linear form, although r by itself reveals nothing of 
this form, it nevertheless still gives (except in a few extreme 
and readily noticeable cases) a fairly approximate measure of 
the correlation’s quantity.’ 


1 Several writers, who have made otherwise valuable contributions 
to the subject of correlation, but have been too exclusively guided by 
the purely mathematical point of view, appear to have wholly over- 
looked this fundamental distinction between the form and the quan- 
tity of a correlation. 
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THE SIGNIFICANCE OF WAVE-FORM FOR OUR 
COMPREHENSION OF AUDITION. 


By Max MEVER. 


A recent number of the Zeitschrift fir Psychologie* contains 
aset of curves representing the resultants of two sinusoids 
each for all the ratios made up of the numbers from 1 to 12. 
It contains, further, the resultant curves of the ratio 2:3 for 
various phase-differences, and the resultant curves for the ratios 
4:5:6, 4:5:9, and 4:7:9. In the accompanying article, Professor 
C. Stumpf discusses these curves with an aim indicated by the 
following remarks. There is no doubt that the Helmholtzian 
theory of audition in its traditional form is imperfect. In 
order to modify it, we ought to study the characteristic prop- 
erties of the various forms of compound curves. Then only 
can modifications of the theory be worked out. Even those 
who believe in the theory of resonance quite literally, will be 
able to obtain from a study of such curves material for the 
criticism of theories which are not based on the assumption of 
resonators in the ear. 

The present writer took a special interest in this paper, be- 
cause many years ago he studied the same curves with the 
same aim. He was soon led, however, to a point of view dif- 
ferent from that of Professor Stumpf. 

In the first place, there arises the general question: What is 
the use of mathematical speculations about wave forms? They 
will never be of any use whatsoever, unless they can lead to 
some idea about the mechanical processes taking place in the 
organ of hearing, in the cochlea. Now, to obtain such an 
idea we have to search in a region where there are no previ- 
ously established paths. The only aids for findiug our way in 
this darkness are the following observations: 

1. Auditory stimuli, according to a general agreement, 
consist of oscillations. But nothing compels us to assume 
apriorz that oscillations must be of the form of sinusoids in or- 
der to stimulate the auditory organ. They might be of other 


forms 


2. When we look ata compound curve, z. ¢.,a curve made up 
by the geometrical addition of, say, two sinusoids, it /ooks to us 


1Zeitschrift f. Psy. u. Physiol. d. Sinn. XX XIX, p. 241-268. 
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like a sum of several oscillations (of whatever form they may 
be), just as we heara sum of several tones. By comparing 
various ways of /ooking at curves with the tones we actually 
hear, we might discover that some ways of looking lead toa 
greater resemblance than others between what we see and what 
we hear. 

3. Having found a way of looking at curves which leads to 
a considerable resemblance between what we see and what we 
hear, we should try to find out whether our organ of hearing 
could function mechanically in the manner indicated by our way 
of looking at the curves. If we discover such a function, then 
our problem is practically solved. 

Upon the general principles just stated there seems to be 
agreement between Professor Stumpf and the writer. There is 
no agreement, however, upon the special paths by which to 
proceed in the application of these principles. 

1. What is an oscillation ? 

Professor Stumpf and the writer agree that a definition of 
‘tan oscillation’ must be altogether a matter of utility. But 
the writer cannot accept the tse of the ‘‘middleline’’ for a defi- 
nition. On the contrary, he has long believed that this use 
narrows down the possibilities of looking at curves to such an 
extent that we can never hope, by its means, to reach a satis- 
factory agreement between what we see and what we hear. 

By ‘‘middle line,’’ Professor Stumpf means the horizontal 
co-ordinate when so placed that all the points of inflection of 
the original sinusoids come to lie on it. And by ‘‘an oscilla- 
tion’’ he means (p. 244) a part of the compound curve which 
starts from a point on the ‘‘middle line,’’ returns to the ‘‘mid- 
dle line,’’ passes over to the other side of this line, and returns 
a second time toa point upon it. The part ofthe curve from 
the starting point to the second crossing of the middle line is 
‘fone oscillation.’’ He emphasizes the fact that it is our pur- 
pose in a study of such curves to count the oscillations, thus or 
so defined. But he does not say how we should define and 
count oscillations in case the curve moves towards the middle 
line and then away from it without touching it. This 
course occurs in innumerable instances, when the amplitudes 
of the original sinusoids are unequal. In such a case, we could 
not simply omit the up-and-down movement in question, or we 
should get a collection of tones which in reality no one hears. 
The writer is, naturally, very far from asserting that a defini- 
tion of an oscillation is altogether valueless, because it is ap- 
plicable only to the special case of equal amplitudes; but he 
believes that, when all the facts are considered, Professor 
Stumpf’s definition by means of the middle line must be pro- 
nounced inferior to that which he himself published in the 
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Zeitschrift, Vol. XI, p. 216-217 (1896). In the writer’s defi- 
nition, Professor Stumpf’s ‘‘middle line’’ plays no part. The 
question, therefore, need not be raised whether a maximum or 
minimum reaches beyond or touches the ‘‘middle line,’’ or 
fails todo so. What is of primary importance, in the writer’s 
definition, is the ordinate differences of the maxima and min- 
ima, not the ordinate values themselves. The absolute ordi- 
nate value of a single maximum or minimum (referred to in 
Professor Stumpf’s ‘‘reaching beyond,’’ ‘‘touching,’’ or ‘‘leav- 
ing untouched’’ the ‘‘middle line’’) should not enter into a 
definition, because the location of the horizontal co-ordinate 
is arbitrary and, therefore, cannot possess any mechanical 
significance. 

This, perhaps, is the chief difference between the writer’s 
attitude toward the present problem and the attitude of Pro- 
fessor Stumpf: that the former insists always upon the possi- 
ble mechanical significance of the oscillations. In the publica- 
tion above mentioned, the writer showed (p. 225) the possibility 
of such a mechanical significance, although he did not then 
succeed in making this particular mechanical application ap- 
pear very probable from an anatomical point of view. Professor 
Stumpf, however, is apparently satisfied with definitions of 
oscillations as such. He leaves the mechanical side of the 
problem to the future. He seems to imply (p. 255, line 6, 
‘*Endlich’’) that there is to be found here a collection of a// 
possible definitions of ‘‘oscillations,’’ so that the future investi- 
gator must choose among the five given. But in reality, the 
number of such definitions, since they are, naturally, not logi- 
cal deductions from a single principle but arbitrary inventions 
for purposes of utility, might be largely increased. In partic- 
ular, the definition of ‘‘an oscillation’’ developed by the present 
writer is not mentioned. Now, since a// such definitions of 
“‘oscillations’’ are originally equally arbitrary, it would ap- 
pear that those and those only should be selected for discussion 
which evince a certain amount of harmony with the facts of 
auditory observation and which can be shown to possess a cer- 
tain mechanical significance. The remarks by Professor Stumpf 
on pp. 266-268 do not seem to the writer a fulfilment of these 
two conditions. 

The definition of ‘‘oscillation’’ just spoken of is mentioned 
by Professor Stumpf on p. 254 under (2). He mentions under 
(1) another definition, which regards the whole period of the 
sum of the two sinusoids as a single oscillation, but discards it 
as inadequate. Let us, then, turn to the three remaining 
definitions. The third, which again makes use of the ‘‘middle 
line,’’ is this: ‘‘An oscillation is the double length of the 


first section of the middle line in case = 3, the double length 
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of the sum of the first two sections of the middle line in case 
o> 3. The frequency of oscillation is then ath 

The fourth definition is this: An oscillation is the period 
from one relatively highest (7. ¢., having lower ones at either 
side) maximum to the next relatively highest maximum of 
the curve. The frequency of oscillation is then equal to H—L 


H 
equal to L, in case 2. 


The fifth definition is this: An oscillation is generally iden- 
tical with the component sinusoid of lowest frequency. The 
frequency of oscillation is then simply L. 

Il. What definition is the most promising ? 

It is clear that all definitions of ‘‘an oscillation’’ have for 
their immediate purpose the finding of an agreement between 
the result of our ‘‘looking’’ (perhaps it would be better to say 
“counting oscillations by looking’’) at curves and our audi- 
tory experiences. The agreements found here are the follow- 
ing: 
Looking at the ‘‘middle line,’’ in accordance with the sec- 
ond definition, may ‘‘explain’’ to us why we can hear the 
higher one of the two original tones. (//.) 

Looking at the ‘‘middle line,’’ in accordance with the third 
definition, rather contradicts than agrees with observation; 


for we do not universally hear a mean tone = We hear 


such a tone only with very special and rather rare ratios (very 
small intervals). (J/.) 

Looking at a curve in accordance with the fourth definition 
may ‘‘explain’’ one difference-tone in cases where the interval 
is less than an octave. It does not indicate the fact that we 
can often, indeed usually, hear more than a single difference- 
tone. As regards difference-tones of larger intervals, the defi- 
nition reveals only the negative fact that the tone H—L is 
there not ordinarily audible, but nothing positive; although in 
fact certain difference-tones are nearly always clearly audible 
in such intervals. (D.) 

Looking at a curve in accordance with the fifth definition 
may ‘‘explain’’ why we can hear the /ower one of the two 
original tones. (Z.) 

It is plain, then, that for the sake of an ‘‘explanation’’ of 
the most ordinary phenomena of audition (1. hearing A, 2. 
hearing Z, 3. hearing oxe D), we should have to apply toa 
given curve at least ‘hree different definitions of ‘‘an oscillation’’ 
ai the same time; if we wished to include the ‘‘mean tone,’’ even 
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four different definitions at the same time! It is not likely that 
anything of scientific value will be gained in this manner. 

For comparison, the writer’s simg/e definition of ‘‘an oscilla- 
tion’’ is translated here from Zeztschrift XI, p. 216: ‘‘Find the 
smallest ordinate difference between a maximum and the pre- 
ceding minimum (or the reverse; the order is irrelevant), and 
cut off from each ridge and each trough of the wave a piece 
whose height is equal to one-half of this difference. Each 
pair of a higher and a directly following lower segment of this 
kind counts as ‘‘one oscillation.’’ The height of the segments 
is to be regarded as a measure of the intensity of the tone. 
Apply the same rule to the wave remaining, and so on until 
the wave is reduced to a straight line.’’ 

This single definition of an oscillation ‘‘explains’’ more than 
all the present five together; it explains, ¢. g., the fact that we 
can hear several difference-tones at the same time. Of course, 
one must not expect the definition to explain every detail of 
audition; that is, in any case, no serious matter. A definition 
of this kind is not an end in itself, but merely a means to an 
end; the end being the discovery of the mechanical function of 
the inner ear. This leads us to the third point of our discus- 
sion. 

III. The mechanical significance of the writer's ‘‘oscillation.”’ 

How does the inner ear function mechanically ? All studies 
of curves and wave-forms, all definitions of oscillations and 
their relations tothe facts of audition, are mere means, tools, 
aids in the approaching of this problem. And therefore, any 
definition of ‘‘oscillation,’? any manner of looking at com- 
pound curves, is scientifically valuable caly in so far as it sug- 
gests a definite mechanical process which must be found pos- 
sible under the anatomical conditions of the cochlea. Now 
Professor Stumpf’s paper gives no suggestion of a mechanical 
process corresponding to any one of his definitions of ‘‘oscilla- 
tions.’’ Onthe other hand, having found the definition above 
mentioned, the writer attempted to find a mechanical process 
which was in accord with it. Such a process is described in 
Zeitschrift XI, p. 225, directly following the definition of 
‘‘oscillation.’’ The mechanical process, however, which he 
was at that time able to discover, although unobjectionable 
from a purely physical point of view, offered a considerable 
anatomical difficulty. It assumed an imperfectly elastic rod, 
fastened to a support at the one end, the free end moving 
transversely in the form of the compound curve. But what 
anatomical structure could be a rod of such properties? This 
was the unsatisfactory part of the assumption. 

However, a few months after this publication, the writer hit 
upon an idea which led to the unfolding of what he now re- 
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gards as the correct—though incomplete—theory of the me- 
chanical function of the inner ear. The anatomical difficulty 
was solved. This solution is published in outline in Zezt- 
schrift XVI, p. 22. He found that the following mechanical 
process would correspond exactly to his definition of ‘‘oscilla- 
tion.’’ Imagine a relatively long and narrow tube, divided 
lengthwise, by a flexible but perfectly inelastic band or parti- 
tion, into two tubes of approximately semi-circular cross-sec- 
tion. The partition, being inelastic, could not, when dis- 
placed, return to its normal position by its own force, but only 
under the influence of external forces. Imagine this partition 
to be restricted in its movement, so that in either direction it 
can yield to pressure only within narrow limits. Imagine, fur- 
ther, this tube to possess at the one end two windows closed 
by membranes, one window for each division of the tube. Im- 
agine a piston-like body to be attached to the membrane of one 
of the windows. Now, when this piston-like body moves back 
and forth in the form of any given compound curve, we shall 
observe on the successive sections of the partition ‘‘oscilla- 
tions’’ which are exactly like those above defined. Details of 
this view or ‘‘theory’’ may be found in the paper mentioned 
and in other publications of the writer’s. Here a few further 
explanations may be added. Under the conditions assumed, 
the length of the section of the partition which—point after 
point—yields to the movement of the piston must always be 
proportional to the distance through which the piston moves 
in one and the same direction. And whenever the piston re- 
verses its movement, degizs to move in either direction, the 
point of the partition which first yields must be that nearest 
the windows; the other points yield later. This last principle 
may be exemplified by the fact that a gun barrel sometimes 
explodes although the front end is open; in the same way the 
initial sections of the partition yield before those more distant. 

The anatomical application of this mechanical function is at 
once clear. The cochlea is a relatively long and narrow tube. 
It is divided by a flexible partition into two divisions. Each 
division has a window at the one end of the tube. And one of 
these windows contains a piston-like body, the stirrup. 

But there is one seeming difficulty left. The partition in 
the cochlea, although undoubtedly flexible, cannot be regarded 
as perfectly inelastic. But this, far from being a serious diffi- 
culty, explains what otherwise would be another difficulty. 
The partition is certainly not perfectly inelastic; and it must 
be its very elasticity which confines its yielding movements 
within the limits above spokcn of. Not, of course, that by 
assuming a certain degree of elasticity of the partition we re- 
lapse into the resonance theory, the piano-in-the-ear doctrine : 
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we assume some elasticity, but 2o tension. Indeed, it is not 
easy to see how tissues which are under consfant tension during 
the whole life of the individual could retain their tension, and 
not simply grow longer, adapt themselves, and thus lose their 
tension. This is what happens wherever constant tension is 
observed in growing, living tissues, vegetable or animal. 

The task now left is to work out the mechanics of the inner 
ear in detail, making use of all the anatomical facts at our dis- 
posal. The writer has worked out, to some extent, a very few 
of these details, and has published the results in various 
papers. However, we still have only the barest outlines of a 
mechanics of the inner ear. 

It has been mentioned that the writer’s definition of ‘‘an 
oscillation’ does not agree in every detail with the facts of 
audition. It has now become clear why there could not bea 
perfect agreement: the mechanical theory which is strictly 
equivalent to that definition is—from the anatomical point of 
view—only a close analogue of the mechanics of the inner ear, 
not its true representative. 


The progress of the mechanical theory, if such progress 
should result from an increased interest in this matter among 
scientists, is sure to have a beneficial influence on our purely 
psychological knowledge of the facts of audition. Whoever 
has attempted to familiarize himself, ¢. g., with the results of 
such otherwise admirable work as that of Kriiger on differ- 
ence-tones, must have been convinced of the enormous waste 
of mental energy resulting from the fact that these experiments 
were scarcely made with definite questions in view. Experi- 
ments which are not made on the basis of a definite theory may 
nevertheless lead to valuable discoveries; but they are more 
apt to lead to the collection of a mass of material so large that 
no one can mentally digest it. With the progress of the 
theory, there will also come a new advance in experimentation. 
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MINOR STUDIES FROM THE PSYCHOLOGICAL 
LABORATORY OF VASSAR COLLEGE. 


COMMUNICATED BY M. F. WASHBURN. 


III. A Srupy IN THE COMPARISON OF TIME INTERVALS. 
By EpitH A. ALVORD AND HELEN E. SEARLE. 


The object of the experiments to be described was to investi- 
gate the processes which occur in the mind of a person who is 
asked to estimate the length of one interval of time in terms of 
another. No attempt was made to test, except roughly, the 
accuracy of such estimations, and the conditions were pur- 
posely left as nearly like those of our everyday time judgments 
as possible. The intervals used as standard varied from three 
to twelve seconds, and were thus much longer than those em- 
ployed in ‘time sense’ experiments. The weight of the study 
rests upon the introspective testimony of the observers as to 
their methods of judgment. 

The observer sat in as quiet a room as could be obtained. 
The experimenter marked off the intervals by striking a tele- 
graph key at the beginning, at the end of the first or standard 
interval, and at the end of the second interval. The latter was 
made from ten to twelve times as long as the first, and followed 
directly after it, one and the same click of the key marking the 
end of the first interval and the beginning of the second. The 
observer was asked to state at the end of the experiment how 
many times the first interval was contained in the second. 
The only direction that was given her was that the times were 
not to be measured by filling them with counting; she was at 
liberty to use any other method that seemed natural. Further- 
more, the length of the standard interval was varied so that a 
shorter and a longer one were given alternately. 

The five observers, all fairly practised in introspection, dif- 
fered decidedly in the methods they adopted, and may be con- 
sidered separately. 

Observer S., in by far the greater proportion of the experi- 
ments upon her, judged the length of the standard interval in 
terms of muscular strain and relaxation, and that of the com- 
parison interval by noting how many times the strain reached 
the same degree of intensity as at the end of the standard. 
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The strain and relaxation were expressed by S. in different 
ways, sometimes by the effort of climbing imaginary stairs and 
dropping back at the end of the unit interval; sometimes by 
thinking of herself as running a race and stopping now and 
then; sometimes simply in terms of tension in the head. The 
first forty experiments alternated a standard of five seconds 
with one of ten seconds; the second forty, a standard of three 
seconds with one of six seconds. In all the statements of re- 
sults given below, the amount of the average error is men- 
tioned, together with its sign. Thus when for the five 
second standard the error is said to be +.5, this means that 
while the longer of the two intervals was really twelve times 
the standard, D.’s average estimate of it in twenty experiments 
was 12.5. Thus the standard interval, as reproduced by D. 
during the longer interval, was slightly underestimated, since 
more of the reproduced standards were put into the latter than 
were really contained in it. In like manner an error with 
negative sign means an overestimation of the standards. 

The average errors of S. were, for a standard of 5 sec., +.5 


For a standard of 10 seconds, +2.0 
ee se —,§ 
oe oe 6 +1.2 


It will thus be seen that she overestimated the shortest in- 
terval, 3 seconds, slightly underestimated an interval of 5 
seconds, and underestimated to an increasing degree intervals 
of 6 and to seconds. In the next set of forty experiments, 
made with standards of four and eight seconds alternately, S. 
made much less use of tension and relaxation and more use of 
a kind of auditory rhythm than that ‘ran through her head.’ 
Sometimes this rhythm became a tune, but oftener was without 
marked pitch differences. Her errors were: 

For a standard of from 4 seconds, —.1 

oe “ce ae 8 +.8 

The great accuracy of S.’s estimation of the four second 
interval is noteworthy. But more especially to be observed is 
the fact that the underestimation of the eight second standard 
is considerably less than that of the six second standard. In 
other words, while in general one might say, judging from 
these rough results, that S. had a tendency to overestimate in- 
tervals below five seconds and underestimate intervals above 
that limit, she underestimates less when she uses an auditory 
rhythm to judge by than when she uses strain and relaxation. 

Observer Ald. did all her measuring in motor terms, not in- 
volving tension and relaxation, but merely imagined movement, 
probably a sort of rhythm with decided motor elements. She 
imagined her eyes moving along a line, her hand writing, 
her head bobbing up and down, her feet walking. The ex- 
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periments followed the same plan as with S. The following 
are the average errors: 


Standard: 5seconds. Error: —1.8 
“ec 3 —2.8 
4 ce —3.7 
8 “oe ae —I1.05 


Every standard except that of ten seconds was overestimated. 

For observer W., the intervals measured themselves by an 
imagined auditory rhythm, and within the long interval, at 
the end of each period of time which was judged equal to this 
standard, the rhythm series came to an end with an auditory 
image of the count, ‘three,’ ‘five,’ etc. The standard itself 
was not filled with any rhythm; the latter set in usually shortly 
after the beginning of the large interval. The rhythm was 
during the first part of the long interval entirely independent 
of breathing, which was often quite irregular, but towards the 
end of the time the breathing tended to fit itself into the rhythm 
already established. A number of times it appeared to W. 
that the beats of the rhythm were synchronous with heart 
beats, and this was approximately verified by feeling the pulse 
at the close of the experiment; in other cases the rhythm 
seemed to be faster or slower in a way which the heart beat 
could scarcely account for. The following were the results 
for W: 

Standard: 4 seconds. Average error, —3.7 


8 ae —1.05 
ae 6 —,I 
3 ce ce +2.8 


I 

It will be seen that W. resembles A. in overestimating every 
interval except the very longest one; and that even the ten 
second interval, which A. did shorten in reproduction, was 
lengthened by W. ‘These results surprised W. herself, for she 
felt always in the case of the longer standards that her repro- 
ductions of them were too short. W. made almost no use of 
strain and relaxation as a method of measurement. 

In observer F. still another method of reproduction showed 
itself. At the end of each of the first three to seven periods, 
within the longer interval, which was judged equal to the 
standard, a more or less distinct auditory image of the click ot 
the key presented itself, as it were automatically, and the ob- 
server’s attitude was simply that of waiting for this imaginary 
sound. The image accurately reproduced any slight peculiarity 
in the click such as was occasionally produced by the experi- 
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menter’s not striking the key quite squarely. Sometimes as 
many as seven imaginary clicks were heard during the long 
intervals, but they tended to become less distinct as they were 
further removed from the original sound. When they did not 
occur, strain and relaxation sensations seemed to be used for 
measurement, and these were also experienced with the sound 
image. Once F. said there seemed to be ‘‘a contraction until 
the sound image came and then an explosion,’’ and another 
time she said that ‘‘everything pulled towards the sound.”’ 
Her results were as follows: 


Standard: 5 seconds. Average error, —.6 
ee 10 oe oe oe +2. 4 
“ce 6 ce oe —, 9 


+3 

We see again here the tendency to overestimate the shorter 
intervals and underestimate the longer ones, which was dis- 
played by observer S. 

The images of the sound of the key were reported also by 
the fifth observer, A., fluctuating as to distinctness and some- 
times vanishing, but present in the majority of cases. Inter- 
vals without the auditory image were oftenest judged, Alv. 
said, ‘mechanically,’—the meaning of this is uncertain. A 
sense of hurry was often experienced in experiments with the 
long standard. A.’s resuits were: 


Standard: 5 seconds. Average error, —.2 

7 +5-5 


7 

Like S. and F., this observer overestimates the short stand- 
ards and underestimates the long ones. The very large under- 
estimation of the 7 second standard is anomalous. 

In spite of the individual differences thus brought out, there 
is a hint of a general principle to be found here. The two 
observers, S. and F., who reported the influence of strain and 
relaxation most frequently, show a tendency to make the 
longer standards too short in their reproduction of them. On 
the other hand the two observers Ald. and W., who usually 
filled the intervals either with imagined movements or with an 
auditory rhythm, noticing little or no strain, tend to make ali 
the standards too long in their reproduction. Now to measure 
an interval by the increasing intensity of strain sensations pro- 
duced as one waits for the end is decidedly fatiguing, on the 
testimony of the observers themselves, and there is a natural 
tendency to shorten the longer intervals as a result of this 
fatigue. On the other hand, when the intervals are mentally 
filled with a more or less varied content, involving no strain, 
and very little fatigue, the observer might have easily run a 
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little over the point of objective equality to the standard in her 
reproduction, especially where, as was the case with W., ex- 
periencing the standard interval itself did involve some strain, 
as she tried each time to impress herself anew with its length, 
and did not involve the auditory rhythm, which developed only 
in the long interval. It is too difficult to know what A. means 
by the ‘mechanical’ reproduction of the standard to interpret 
her results with certainty, but the method of measurement by 
waiting for the recurrence of an auditory image would naturally 
involve tension and relaxation, and, as we have seen, was ex- 
plicitly reported to do so by F. 

It is clear that speculation regarding the cause of the 
tendency shown by S., F. and A., to overestimate shorter 
standards and underestimate larger ones, is of little value 
owing to the roughness of the method of experimentation. 
We had some evidence that one influence at work here may 
have been derived from our procedure of giving a shorter and 
longer standard in alternation. This influence was the reverse 
of contrast, the standards tending to be mentally assimilated 
towards an intermediate value. A. was given a series in 
which a g second standard was used continuously, and this 
was overestimated, the error being —1.5, although 7 and 10 
seconds had been underestimated by the other method. The 
auditory image played less part in A.’s introspection in this 
series, most of the judgment being described as mechanical. 
W., who overestimated everything below 13 seconds, which 
she underestimated when it was giveu in alternation with 5 
seconds, the error being -+-2.8, underestimated 14 seconds 
given without alternation decidedly less, the error being only 
+.6. <Ald., who also lengthened all the intervals but the 
longest used, 10 seconds, overestimated 8 seconds by an error 
of —1.05 when it was used in alternation with 4 seconds, but 
by an error of —2.65 when used alone; that is, there was a 
certain tendency in the direction of underestimation of this 
interval when used in alternation with a much shorter one, 
although the tendency did not amount to actual underestima- 
tion. S., on the other hand, who was given the standard ot 
4 seconds, with which she made the best record where short 
and long standards were alternated, the error being only —.1, 
in a series by itself, made an error of only —.2, so that it 
looked as though she found this interval especially easy to re- 
produce under any circumstances. F. was not tested on this 
point. 

Rough as the experiments in this study are, their results 
indicate a few conclusions of some interest. 

(1) There is great individual difference in the methods used 
for the reproduction of the standard interval; the principal ones 
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are strain and relaxation, imagined movements, auditory 
rhythm and the spontaneous occurrence of auditory images of 
the limiting stimulus. 

(2) Where strain and relaxation were prominently con- 
cerned there was a tendency to shorten the longer standards, 
possibly on account of fatigue. 

(3) Where a short and a long standard were alternately used 
no contrast effect whatever was visible; rather there were some 
indications of a tendency to assimilate the two towards an 
intermediate value. 


IV. Tue Loss oF ASSOCIATIVE POWER IN Worps 
AFTER LONG FIXATION. 


By ELIZABETH SEVERANCE and MARGARET FLOY WASHBURN. 

The phenomenon referred to in the title of this paper is one 
that is familiar to most people, but has never, so far as we are 
aware, been made the subject of experimental study. Ifa 
printed word is looked at steadily for some littie time, it will 
be found to take on a curiously strange and foreign aspect. 
This loss of familiarity in its appearance sometimes makes it 
look like a word in another language, sometimes proceeds fur- 
ther until the word is a mere collection of letters, and occa- 
sionally reaches the extreme where the letters themselves look 
like meaningless marks on the paper. In the present study we 
have attempted to observe this process in detail and under 
experimental control. 

To secure uniformity, the words used were all of six letters, 
printed in long primer type, cut out of the same periodical and 
placed upon a background of white paper. Words without 
capital letters were employed. The observers, six women, all 
with a fair amount of introspective training, were required to 
look fixedly at a word for a period of three minutes, measured 
by a stop watch, and to describe all the changes undergone by 
the appearance of the word. The approximate time of these 
changes was noticed. A few typical instances of the resultant 
phenomena are here given: 

(1) Word: career. Observer: W. 
Time: 6sec. veer stands out prominently and gives the word an un- 
familiar look. 
22sec. Sound suggestion = care—er. 
32 sec. “ =career, for a single instant. 
46sec. The second e looks likec; the sound of the Latin word 
carcer suggested. 


I min. 20sec. No sound suggestion: the word looks entirely 
foreign. 
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2min. 48sec. A mere collection of letters, with occasional 
‘flashes’ of the ‘career’ sound. 


(2) Word: blood. Observer: S. 
Time: 13 sec. Sound blood. 
24 sec. ‘* loo, b and d look like each other turned back- 


wards, hence meaningless. 
I min. o’s look unfamiliar, staring. 


x ‘* y2sec. band d look like p and q upside down. 
r ** 35sec. Sound ‘blood,’ then ‘bl66d,’ then ‘loo.’ 
2 sgsec. Acollection of letters. 
(3) Word: rumble. Observer: Ald. 
2sec. Sound of thunder. 
II sec. «= bumble bee. 


21sec. Word divides into rum ble. 
59sec. umble. Uriah Heep. 
I min. 21 sec. No meaning to word. 
29sec. u looked like n upside down. No sound or meaning. 
2 min. 29sec. Think of sound, but it no longer fits the look 
of the word. 
2min. 59sec. Letters all look queer. 

These examples will serve to illustrate the general character 
of the results. The following fact appeared as the outcome of 
a careful comparison of the data from all the observers. If 
the components which enter into the mental complex ordinarily 
involved in the sight of a printed word be grouped under the 
three heads of visual, auditory-motor and meaning elements, 
it may be said that the meaning of the word and its normal 
auditory-motor image usually disappeared from consciousness 
within a few seconds after fixation began. The place of the 
normal auditory-motor image was often taken by others sug- 
gested by fragments of the visual word which assumed special 
prominence; in other cases foreign language sound associations 
appeared. At instants during the entire experiment the nor- 
mal sound image might recur ‘for a flash.’ In the latter part 
of an experiment all sound and meaning elements would often 
vanish, yet the combination of visual elements would still be a 
familiar one. Later, tiie visual word might lose its familiarity 
as a combination and be described as ‘‘a collection of letters.’’ 
And finally, even the letters themselves sometimes became un- 
familiar, the printed word appearing to be a number of strange 
marks on the paper. These stages by no means all occurred 
in every experiment, but they were observed with sufficient 
frequency to allow their order to be approximately determined 
as above. In explanation of them the following considerations 
are offered. 

The first effect of gazing fixedly at a word is naturally to 
concentrate attention upon its appearance. Under ordinary 
circumstances, the look of a word in a familiar language is at- 
tended to only for the briefest possible instant; its sound and 
meaning associations at once enter upon possession of the field 
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of attention. The very fact that the observer in our experi- 
ments was told to look fixedly at the word resulted in an ab- 
normal prominence of the visual elements in the ordinary word 
complex. Several phenomena connected with this fact were 
observed which greatly contributed to the loss of the normal 
associations of the word. First, the letters in the word tended 
to fall into groups. The normal sound association of the whole 
word accordingly vanished, and each of the two or more groups 
of letters into which the word disintegrated gave a sound sug- 
gestion of its own. ‘Thus ‘castle’ became ‘cast-le,’ ‘toward’ 
became ‘tow-ard,’ and soon. In all the observers an inclina- 
tion was noted to make this division a symmetrical one; ‘regret’ 
was ‘reg-ret,’ ‘secret,’ ‘sec-ret.’ Words like ‘terror,’ ‘coffee,’ 
‘yellow,’ whose syllables, that is, division of the normal sound 
image, corresponded to symmetrical divisions of the visual 
word, kept normal sound and meaning longer than those whose 
visual and auditory divisions did not coincide; thus ‘mother’ 
promptly became ‘mot-her.’ Secondly, the form of one or two 
letters in a word would often stand out with special prominence 
from among the others. These letters were more commonly 
those with more striking forms, such as ‘a’ and ‘s;’ ‘m’ was 
also a salient letter apparently because of its greater area, so to 
speak ; but the letters b, p, d, q, u and n had a curious way of 
assuming prominence because of their tendency to reverse 
themselves. That is, p would lock like d upside down, b 
would look like d reversed and so on. ‘This concentration of 
attention on a single letter was a powerful factor in bringing 
about the loss of the normal sound association of the word, 
and also in destroying its familiar look. ‘Thirdly, when a word 
was unphonetically spelled, it tended, on being fixated, to sug- 
gest the sounds connected with the various letters rather than 
its proper pronunciation. ‘The word ‘canght’ for example very 
quickly called up the sound ‘cagt.’ This was undoubtedly 
connected with the tendency of individual letters to become 
the focus of attention in the visual word. One could not say 
that the more usual sound association was suggested in place 
of the less usual one, for the letters ‘aught’ are never pro- 
nounced ‘agt;’ the fact was that the ‘g’ usurped attention be- 
cause of its striking form, and produced its own sound associa- 
tion. On the other hand, the word ‘indict’ suggested ‘in dict’ 
both because the c was attended to and because the syilable 
‘dict’ is more commonly pronounced as iu ‘diction.’ ‘Tongue’ 
promptly suggested the sound ‘ton gue,’ because attention 
fixed on the look of the word naturally centered as much on 
the silent letters as on those ordinarily sounded. 

Again, the appearance of a word steadily fixated would some- 
times suggest the sound association of a foreign language. 
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Occasionally the whole word would act in this way, as when 
the word ‘circle’ called up the Italian pronunciation ‘chircle.’ 
At other times when the word had ‘separated’ into parts, a 
part would suggest the foreign sound; for instance, in the 
word ‘jungle,’ the letters ‘jung’ associated themselves with 
their German sound. 

The loss of meaning association from the word complex 
seems to us to be intimately connected with the fluctuations 
and changes in the sound images suggested. The associative 
connection between the sound of a word and its meaning is 
much closer than that between the meaning and the mere look 
of the word. When, as not infrequently happened in the later 
stages of an experiment, no sound image whatever was present, 
although the word as seen retained its familiarity, there was 
never any vestige of meaning present. The look of a word 
probably cannot suggest its meaning without the simultaneous 
presence of an auditory-motor image. ‘The fact that spoken 
language is both earlier learned and oftener used than written 
language is a sufficient reason for this. 

The meaning, then, vanishes when the proper sound image 
of the word disappears. But why should the latter go? We 
have seen that its place is usually taken by other sound images 
suggested by parts of the visual word, either syllables or let- 
ters. The reason why these fragments of the word assume 
prominence is doubtless connected with the law of shifting at- 
tention. The attention, concentrated upon the appearance of 
the word, cannot remain fixed for more than a few seconds 
upon this as a whole, but shifts from one syllable to another, 
or is attracted to a particular letter that has some peculiarity of 
form; and as now one part of the visual word, now another, is 
attended to, the sound associations also vary. The normal 
sound association of the whole word is thus iost. 

If we ascribe the loss of meaning and of the normal sound 
image to the shifting of attention from one part of the visual 
word to another, how are we to explain the further changes 
that often occur in the later part of an experiment? At one 
stage, the printed word, with a perfectly familiar aspect, is at- 
tended to as a whole, without the slightest suggestion of either 
sound or meaning. ‘Then the familiarity mark of the combina- 
tion may be lost, and the word is a group of letters, the letters 
themselves being really letters, however, that is, being familiar, 
though without sound suggestion. And finally, the letters 
themselves become mere oddly shaped marks on paper. Thus 
for example, ‘pocket’ with observer S. first suggested a mean- 
ing association, which was lost upon the word’s separation of 
itself into poc-ket; then the c looked like a broken ‘o’ and the 
sound suggested was ‘pooket;’ then the letter k assumed 
prominence and began to look unfamiliar; finally all the letters 
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except p and o ‘looked queer.’ The word ‘middle,’ after sug- 
gesting two or three meanings to observer Sea., lost its ordi- 
nary meanings through the prominence assumed by ‘iddle,’ 
which seemed to the observer to have a vague meaning of its 
own, as well as a sound; then the word became a mere collec- 
tion of letters, the d’s looking like b’s turned backward, and 
at the end of the three minutes the letters themselves had be- 
come ‘queer marks.’ A fact which interested us about the 
later stages was that the visual word as a whole could look 
familiar after it had ceased to suggest either meaning or audi- 
tory-motor associations. ‘The same was true of the individual 
letters. The passage from the stage where the word was a 
familiar visual object in its entirety to that where it became 
a mere ‘collection of letters’ was distinctly later in its occurrence 
than the loss of definite associations with the word. Similarly, 
when the letters themselves ceased to be letters and became 
marks on the paper, it was not because they lost at that mo- 
ment all suggestion of sound; the sound had usually gone 
sometime before. It wasa loss of familiarity, not of associaiion; 
and the experiments illustrated very clearly the fact that famil- 
iarity, recognition, does not necessarily involve associated ideas. 

But why do the shifting associations disappear, and why 
does the familiarity itself ultimately disappear? If the shifting 
associations are due to the tendency of attention to fiuctuate, 
the same tendency which is illustrated in rivairy, and is here 
shown by the wandering from one part of the visual word to 
another, why does not this process keep up indefinitely? It 
locks very much as though we had to deal here with something 
like auto-hypnosis. Prolonged concentration of the attention 
upon an object which, while it does not remain entirely un- 
changed, yet can change only within narrow limits and with 
constant recurrence to the same phases, produces an increasing 
narrowness of the field of consciousness; the associations drop 
off entirely, then the ‘fringe’ of familiarity goes, and finally we 
approach as nearly to a bare, peripherally excited sense im- 
pression of the marks which normally are letters, as we can get 
in adult experience. Whatever may ultimately turn out to be 
the explanation of the narrowing of consciousness in hypnosis 
brought on by attention to a monotonous object, will explain 
the final loss of associative power and of familiarity in a word 
long fixated. For attention, pure Being and Not-Being are 
identical ; we attempt to reach perfect concentration of atten- 
tion upon a single object, and the object dissolves in the process. 

In conclusion we may add that analogous phenomena have 
been observed by many people as occurring when a spoken 
word is repeated a number of times, so that attention is ab- 
normally concentrated on its sound. Experiments upon this 
oint are to be undertaken in the near future. 
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ON SYSTEMATIC ERRORS IN TIME ESTIMATION. 


By F. M. URBAN, University of Pennsylvania. 

It was found in a statistical study on the estimation of time- 
intervals’ of different length and of different filling by a great 
number of subjects that the numerals (0, 1,....9) did not 
occur with the same frequency at the last place. The numerals 
zero and five occurred with the greatest frequency and the 
numbers next to zero and five (1 and 9g, 4 and 6) occurred with 
the smallest frequency. Since there was in the statistical data 
no indication for a further analysis of this fact, it seemed nec- 
essary to go back to the study of this phenomenon in individ- 
ual psychology. An investigation was about to be undertaken 
when a paper of Mr. O. Meissner* was published, which dis- 
cussed the estimation of short time intervals in terms of frac- 
tions (tenths) of a second. These results show striking simi- 
larities with ours but they show also some differences and 
considerable light is thrown on the nature of the mental process 
of estimating time by comparing both results. I owe to the 
kindness of Mr. Meissner some important information and val- 
uable help which assisted me greatly in this work. 

Mr. Meissner’s results refer to the estimation of short time 
intervals by trained subjects. The results are taken from the 
observations of transits of stars made by three observers, who 
are called W, K, and N. N made 12,285 observations; K and 
N made 8,505 and 16,215 observations respectively. The series 
of observations was extended over several years and with two 
of the observers intermissions of considerable length occurred. 
At the beginning of the series N was 35 years, and W and K 
were between 20 and 22 years. N was a practiced observer; 
the practice of W and K was not great but they had had some 
practice. In so great a number of observations one would 
suppose that every tenth should occur in the judgments ap- 
proximately with the same frequency, 7. ¢., in 10% of all the 


lIna joint publication of the author with Mr. R. M. Yerkes, Time 
Estimation in its Relation to Sex, Age, and the Physiological Rhythms, 
1906, Harvard Psychological Studies, Vol II, pp. 405-430. 

2Otto Meissner: Ueber systematische Fehler bei Zeit und Raum 
Schaetzungen, Astronomische Nachrichten, Aug., 1906, Vol. 172, No. 
4113. A short report may be found in Sitzungsberichte der Berliner 
Mathematischen Gesellschaft, 25, April, — pp. 70-72 (Archiv der 
Mathematik und Physik, Vol. X, Nos. 3 and 4). 
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cases. The results, however, show that certain numerals are 
always favored, 7. e., they occur in a higher frequency than 
10%. This predilection is subjected to variations, which 
may be considerable and which are apparently quite irreg- 
ular. This preference for certain numerals constitutes a sys- 
tematic error which one cannot obviate by combining the re- 
sults, because only accidental errors can be eliminated in this 
way. ‘These systematic errors varied much with W, in whose 
judgments the frequency of zero in the last part of the series 
was one-half of that in the first part, but they remained fairly 
constaut with N. The fact that N was a practiced observer 
and that W had had not much practice suggests the view that 
these variations depend on the practice of the observer.’ 


TABLE I. 


Frequency of the Numerals (0 to 9)—W 12,285 Observations, K 8,505 
Observations, N 16,215 Observations. 


Ww Kk | N | Average. 
fe) 9-04 | 
I 9-45 5-2 
2 12.32 4-72 12.49 | 9-84 
3 II.15 9-35 12.52 11.02 
4 II.97 15-10 | 10.91 12.66 
5 6.35 13.37 8.09 8.54 
6 a 10.39 | 4-45 es 
7 11.63 5-19 -61 
8 11.37 7°04 | 14-37 | 10.93 
Gg 8.45 7-795 | 7:52 | 7-98 


The frequencies of all the numerals are given in Table I. 
The first three columns under the headings W, K and N, 
give the individual results of these observers and in the last 
column these results are combined into an arithmetical mean. 
In the individual results the great personal differences are ob- 
vious at once; the frequency of 2, for instance, varies from 
2.49% to 12.32%. The general trend of these results becomes 
clearer by an examination of their average. They show (1), 
that the small numbers (0 to 4) occur more frequently than the 
high numbers, the sum of the percentages being for the low 
numbers 56.33, and for the high numbers 43.70. The sum of 
these percentages is not exactly 100 owing to an error of com- 
putation. (2). The numbers do not occur with equal frequency, 
zero having the highest frequency, 3 and 8 occurring next with 
a small difference which might be accounted for by an inaccu- 
racy of the numerical determination. The sinaliest frequencies 
are those of 1, 6 and g in the order given. 


1See Meissner: l.c. Tables I, II and III. 
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For a comparison of Mr. Meissner’s results with ours Table 
III (Males) of the article quoted above comes into considera- 
tion. These numbers are not directly comparable with Mr. 
Meissner’s results because the estimation of long time intervals 
is not only under the influence of the preference for certain 
numerals but also under the influence of the conventional min- 
ute standard. The numbers favored by the latter influence are 
the simple fractions of a minute (15’, 30”, 45” and 60”) and 
their multiples. The final digit of such numbers is 0 or 5, the 
frequency of which is increased by this influence, which must 
be eliminated for the comparison because the results of the 
estimation of short time intervals are free from it. This can 
be done in this way. Among alli the judgments given there 
are 1,666, the final digit of which is zero. According to chance 
one-third of these (555) should be multiples of 30, because 
among three consecutive multiples of 10 there is one multiple 
of 30. Asa matter of fact there are 732 and by subtracting 
this surplus of 207 the infinence of the minute standard may 
be eliminated. A similar computation may be made for the 
numeral 5. On the basis of this computation one may correct 
the relative frequencies of the other numerals; the results are 
given in Table IT. 


TABLE II. 
Corrected Frequency of the Numerals o to 9. 


Frequency. Percentage. True Value. 

fe) 1177 36.724 
I | 121 3-775 0.202 
2 217 6.771 0.255 
3 155 4-836 0.313 
4 144 4-493 0.360 
5 { 660 20.593 0.485 
6 | 153 4-774 0.612 
170 5-304 0.663 
8 281 8.767 0.733 
9 127 3-963 0.796 

3205 100.000 


A comparison of these results with the numbers of Table 
III of the previous article will show that this change does not 
affect the relative frequencies in a material way. The most 
favored numeral in this case, too, is zero, the next is 5 and then 
comes 8. The numerals 1, 9, 4 and 6 have the smaliest fre- 
quency in the order given. These results agree with Mr. 
Meissner’s observations by giving the greatest frequency to o 
aud by showing that 8 is favored and that 1, 9 and 6 are ata 
disadvantage. They do not agree in regard to the frequency of 
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5 and 4. The most striking difference is that of the numerical 
values of these relative frequencies. This difference is due to the 
overwhelming frequency of o and 5 which affects the frequency 
of the other numerals in such a way that they are throughout 
smaller than those of the observations of Mr. Meissner. The 
influence in favor of o and 5 is much stronger in our experi- 
ments. 

This partial verification of these two series of experiments 
might be interpreted as indicating a common factor in both 
series of observations, the influence of which was partially 
counterbalanced by some other circumstances. The common 
factor may be called the preference for certain numerals and the 
nature of the other influence can be studied by means of the 
following considerations. 

Among the results of W, there are 9.04% cases in which he 
observed the interval o and 9.45% cases in which he observed 
the interval 0.1.” This means that all these intervals which 
differ by not more than 0.0452” from zero—7. ¢., the interval 
from—o.9548” to +-0.0452”—are judged to be zero. Corres- 
pondingly the end of the interval which he considers to beo. 1” 
has the distance from zero 0.045 + 14.0.94 = 0.045 + 0.047 = 
0.092”. This means that all the intervals from 0.046” too.137” 
are judged to be 0.1”, and 0.092”, the average may be re- 
garded as the interval corresponding to W’s estimation of 0.1”. 
By continuing this operation one may find for all the other 
numerals the corresponding intervals which are called the true 
values of the estimation. They are given in Table III for Mr. 
Meissner’s observations’ and in Table II under the heading 


TABLE III. 
Ww K N 
0.0 0.000 0.000 0.000 
o.1 0.092 0.127 0.122 
0.2 0.202 0.171 0.211 
0.3 0.319 0.241 0.337 
0.4 0-434 0.364 0.404 
0.5 0.527 0.495 0.548 
0.6 0.599 0.603 0.611 
0.7 0.699 0.700 0.659 
0.8 0.814 0.780 0.757 
0.9 0.913 0.849 0.867 


‘*True Value’’ for our experiments. Table III shows that the 
estimated intervals coincide most closely with the actual inter- 
vals for 0.6” and 0.7”, and that W has the tendency to over- 
estimate and K to underestimate. The judgments of N show 


1See Meissner’s l. c. p. 141, 142. 
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a constant overestimation for the intervals from 0.1” to 0.6” 
and from this point the overestimation turns into an underesti- 
mation, the amount of error being smallest and the accuracy 
being greatest for 0.6.” The judgments of W and K bear out 
the same relation: the exactitude is greatest for 0.6” and 0.7.” 

These figures agree very well with the results of previous 
psychological investigations. Small time intervals are, asa 
rule, overestimated and larger time intervals are underesti- 
mated. There lies between the large and the small intervals 
a point of indifference at which the estimated length of the in- 
tervals correspond most accurately to the real length. This 
point lies, according to different observers, between 0.5” and 
o.7”’ and uniting these results into a mean one may take 0.6” 
for this point.’ These conditions are exactly verified in the 
observer N whohad many years practice in these observations. 
The two other observers show slight differences. W overesti- 
mates small intervals and is most exact in his estimations of 
intervals of 0.6” and 0.7” but he overestimates also the inter- 
vals of 0.8” and 0.9’. K underestimates long and short inter- 
vals but also his estimation is most correct for 0.6” and 0.7”. 
These facts account for the great frequency of the small 
numerals. 

The great frequency of zero, too, can be explained from the 
conditions of the experiments. The judgment zero will be 
given if the star crosses the line in the moment of a beat of 
the clock. From the experiments with the ‘‘Complications- 
uhr’’ we know that for the most part the sound is located at 
a point which is distinguished from the other points by some 
marks. ‘Thus it occurs but seldom that the sound is located 
between the dashes of the clock.” The lines in the telescope 
play the same rdle as the marks on the dial of the clock and, 
therefore, the beat of the clock is heard more frequently at the 
moment of the star crossing the line. This accounts not only 
for the excessive frequency of zero but also for the low frequency 
of 1 and 9g, because if in aseries of equal small time intervals one 
interval is marked in such a way as to induce an overestima- 
tion of it, then the overestimation is made at the expense of 
the adjoining intervals which are underestimated. 

It is obvious that a similar computation of the ‘‘true values’’ 
for our results cannot have the same signification. The re- 
sults, indeed, show that the estimation comes nearest to the 


1Wundt, Physiologische Psychologie, 5. ed. Vol. III, p. 47. Wundt 
refers to the investigations of Kollert, Estel and Meumann; a thor- 
ough discussion of their results is to be found in I. Quandt, Das Prob- 
lem des Zeitbewusstseins, Litteraturbericht, Arch. f. d. ges. Psychol- 
ogie, 1906, Vol. VIII, pp. 143-189. 
2Compare Wundt: Physiologie Psychologie, 5 ed. Vol. III, p. 69. 
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true value for 0.6”, but the change from overestimation to un- 
derestimation is quite irregular. The intervals from 0.1” to 
0.3 are overestimated, then this overestimation changes into 
underestimation for 0.4” ando.5”. The interval of 0.6” is 
overestimated again but the other intervals from 0.7” to 0.9” 
are underestimated. This warrants our statement that the 
factor, the influence of which on the judgment of short inter- 
vals was just proved, is not at work in the estimation of large 
intervals. The explanation of the very high frequency of zero 
and five in the estimation of long intervals is to be found merely 
in the general inaccuracy of the estimation which is expressed 
by the preference for round numbers. The low frequency of 
the numbers which are next to the round numbers may be ex- 
plained by the subject feeling the inaccuracy of the judgment 
which does not warrant a deviation from a round number by 
sosmalla margin. The view that the low frequency of these 
numerals is due to underestimation of the seconds just pre- 
ceding or following every fifth and tenth second has but little 
psychological probability. It is contradicted also by introspec- 
tion which shows that the judgment in this case is not based 
on the perception of a succession of small intervals among 
which, perhaps, every fifth or tenth is accentuated, but the 
estimation refers to the vague notion of intervals of approxi- 
mately the same duration. It does not seem possible to give 
at present a reason for the differences in the frequencies of the 
other number (2, 3, 8 and g), among which the even numbers 
occur with a higher frequency than the uneven. An explana- 
tion is not offered by saying that the different frequencies of 
the numerals are due to a preference for certain numerals, be- 
cause, without introspective or objective evidence for such a 
predilection, the only possibility of giving an account for this 
preference is to refer to the different frequencies. ‘‘Preference 
for certain numerals’’ and ‘‘different frequencies of certain 
numerals’’ are only different names for the same thing and the 
first term is misleading in so far as it might lead one to sup- 
pose that there exists a certain mental process which in every 
case is the cause of the differences in the frequencies of the 
numerals. ‘There is positive evidence that such a process does 
not exist. Ifthere existed such a mysterious process then it 
could not happen that the same numeral occurs with a fre- 
quency which is subjected to variations which are so large as 
those of the frequency of 4 and 5 inour experiments and in 
those of Mr. Meissner’s series. It seems reasonable to take the 
view that the terms ‘‘preference for certain numerals’’ is a 


10ther reasons for this statement may be found in the article on 
time estimation, pp. 411-418. 
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short designation for an unanalyzed group of conditions which 
is the cause of the differences in the frequencies of the nume- 
tals; these groups of conditions may be widely, or perhaps even 
absolutely, different in two series of experiments. 

The comparison of these two series of observations shows 
that there are certain common results (high frequency of cer- 
tain numerals, low frequency of the numerals adjoining to 
them). The high frequencies are apparently due to different 
mental conditions, but the low frequencies of the adjoining 
numerals may be brought under the general rule that the ele- 
ments of a complex which are next to a favored complex with 
which they are not associated are at a disadvantage. The 
chief result is that the so-called preference for certain nume- 
tals is a complicated mental process which admits of a further 
psychological analysis. The analysis of these two series of ob- 
servations shows that this preference for certain numerals 
may be very similar in its numerical expression and yet it may 
be due to entirely different conditions. 
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STUDIES IN ABSOLUTE PITCH. 
By LucrnpA PEARI, Boccs, Pu. D. 


Absolute pitch is one of those curious psychological phe- 
nomena which is at present rather a puzzle. Its rarity makes 
it difficult of investigation and usually the people who possess 
it are not trained in psychological introspection. However, it 
has been my good fortune to know a number of people who 
possessed this remarkable gift and to have been able in some 
cases to carry out a few tests which seem to me worth record- 
ing. The fact that they were only casual acquaintances and 
not students of psychology, and that they were far away from 
a properly equipped laboratory, precluded the elaborate and 
extensive tests which it might be desirable to make. 

By absolute pitch we mean the power to recognize a single 
musicai note when heard, without comparison with any other 
tone, either objective or subjective. Von Kries' and Stumpf? 
both say that this independence of other tones is the essential 
characteristic of absolute memory for tones, as they have found 
in the process of their experimentation. The latter admits 
that at one time he believed the recognition of tones was de- 
pendent on the judgment of intervals, since the observer could 
not forget the previous tone or the indispensable a of the musi- 
cian, but found by a series of tests that only exceptionally did 
the recognition of the interval affect the judgment. Whipple* 
also finds that the interval sense is not used at ali and that his 
subject is very hazy in her designation of intervals. The fact 
upon which all psychologists are agreed, that the more quickly 
the judgment of the tone is made, the more accurate it is, also 
goes to show that intervals are not taken into consideration. ~ 

As to the factors which contribute toward the accuracy of 
absolute memory for tones, the timbre of the instrument and 
concentration of attention have been shown to be the most im- 
portant. Von Kries* even considers that the slight not imme- 
diately discernible differences in the timbre of tones differently 


1 Von Kries: Uber das Absolute Gehor, Zeitschrift fiir d. Psychol. u. 
Physiol d. Sinnesorg., Vol. III, p. 265. 

? Stumpf: Tonpsychologie, Vol. I, p. 306 ff. 

8’ Whipple: Studies in Pitch Discrimination, Amer. Jour. of Psychol., 
Vol. XIV, p. 292. 
4 Von Kries: op. cit., p. 271. 
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struck on the same instrument might influence the judgment. 
The tuning of the instrument is also likely to influence the 
judgment if difference in the tuning is very great, though it has 
not been found that people with absolute memory have a finer 
pitch discrimination than other musical people. 

The question whether absolute pitch can be acquired by 
practice or whether it is a ‘‘free gift’’ of heredity is one upon 
which it is hoped this paper may throw some light. Von 
Kries’ says that he has never found any one who had genuine 
absolute pitch through practice, while M. Meyer’ has shown 
that a fair degree of absolute memory may be acquired. 
Stumpf* attributes at least something to practice, as he has 
noticed that different people judge correctly oftenest in those 
tone regions with which they are most familiar. Hence he 
finds that with most persons judgments are oftenest correct in 
the middle region of tones, which are, of course, the ones 
oftenest heard. 

As to the nature of this ‘‘gift’’ of absolute tone memory, as 
Stumpf‘ says, it must manifestly be placed under memory in 
general. He thinks, with Bain and Ribot, that the fineness of 
the sensations may have something to do with the richness of 
the memory. ‘‘One might say: when a sense organ presents 
finely gradated sensations, each one has then more help in re- 
production. But on the other hand, one might equally as well 
conclude that the great number mutually confuse one another 
and disturb the reproduction. Better say, perhaps, that through 
the richer material a stronger necessity, and through the fine- 
ness of the possible distinction, a greater stimulus arises for 
employment and practice with this sense. Retentiveness itself 
is not greater, but the number of cases of practice increases 
through the variety of distinguishable sensations.’’ In the 
next paragraph he says that ‘‘the completeness of the memory 
is more closely connected with the liveliness of the feelings 
than the fineness of the senses, in so far as the feelings give 
rise to a constant direction of the attention to a certain field of 
perceptions.’’ The conclusion drawn from my own experi- 
ments agree as to the effect of a very sensitive musical hearing 
and the liveliness of the feelings connected with tones, as I 
shall show later. 

The first subject in the following experiments was Miss G. 
G. Gulick who is extremely musical and comes of a very 
musical family on her mother’s side. Her mother was a pianist 
with considerable power of improvisation and possessed a re- 


1 Von Kries: of. cit., p. 262. 
2 Meyer: Psychol. Rev., VI, p. 514. 
3 Stumpf: of. cit., p. 311 ff. 
*Stumpf: of. cit., p. 287 ff. 
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markably sweet contralto voice. Her maternal grandmother - 
and great aunt were extremely musical. Her older brother . 
was a piano virtuoso and a composer, and her sister, though 
not a musician, was fond of music for ‘‘the thrill it gave her.’’ 
She thought her mother had absolute pitch, and was quite 
confident that her brother must have possessed it, but as both 
of them had recently died, there was no possibility of verifying 
the supposition. Her musical education began at about the 
age of four with her mother and was continued under gov- 
ernesses until she was thirteen. From that time on, she had 
lessons from professors of music good, bad, and indifferent. 
Three months comprised her work in the theory of music, and 
a four years course in solfeggio covered in a few months, her 
vocal training. She composed little songs for children and 
sometimes improvised. She had had no training in memorizing 
tones, but always, even as a child, had been able to recognize 
the notes of any instrument such as a bugle, saying that it 
played mor /a. To test this, I once asked her the note of the 
dinner gong. She instantly pitched the tone with her voice, 
saying, ‘‘it is sol.’’ Tunes heard on the street were easily 
memorized by her as a child, and reproduced on the piano. 
Though very faulty in technique, the result of her unsystematic 
training, she had the power of interpretation of music, and 
could give each tone a certain value in itself. 

She had never heard of absolute tone memory, and when 
questioned as to whether she could name any note heard on the 
piano, was very uncertain and later was quite astonished to 
find that she could do it, almost without error. She had no 
muscular or visual sensations in judging the tone, it seemed 
entirely due to the sound itself. With the single tones she had 
no musical imagery as she had with phrases and strains. 
High, lively notes were bright yellow; low tones were purple 
or dark red; middle tones were green; when low tones were 
purple and high notes were added, they merged into light red 
and yellow. Some music seemed to her opaque, other music 
was like the rainbow. Likewise she professed that single notes 
had no emotional tone or feeling, though music often made her 
cry, even the gay sort. She could hear overtones so plainly, 
she said, that she had difficulty in picking out the fundamental 
tone. 

This observer was entirely without practice in introspection. 
At first she said she calculated each tone from the preceding 
one, though she ‘‘pitched in on the first, right or wrong.’’ A 
little later during the same test she said that her judgment was 
‘‘instinctive,’’ without any idea of the relations of the tones, 
and that all was due to the sound itself. Several times she 
asked for a note to be repeated in order to fix it firmly in her 
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mind and would sometimes name the note correctly on the 
second or even third trial. Her replies were usually given 
very quickly and with confidence. She was of a very decidedly 
objective type of observer, concentrated her mind well but was 
easily thrown out by any noise or confusion. 

The table is easily understood, the numbers under S giving 
the series of tests ; those under O giving the number of octaves 
from which the notes were selected ; those under 7 the num- 
ber of tones used in each series; under F& is given the number 
of tones recognized correctly; under W the number of errors 
and under P the per cent. of right cases. The letters G, C, 
D, and E refer to the observers. The tones were selected at 
random within a given number of octaves, and there seemed to 
be little or no difference in the tone region, so that I have not 
made a particular rubric for that. The piano generally used 
was not especially good, though the best available at the time. 
The experiments were carried on in a quiet room without 
interruptions. 


G 
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I 3. 40 
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Series I. Four errors, all minor seconds, were made, each 
one being a sharp, or black key. This peculiarity was most 
striking and in her subsequent tests it was also found that 
nearly all her errors were on black keys. When told of this 
she was much surprised and was at a loss to account for it. 
Finally she explained it asa result of her having always, until 
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recently, called notes by syllables of the tonic So/-/a system 
and had not called the black keys by any name different from 
the white keys, as A sharp, & flat, etc. Twice she was dissat- 
isfied with her judgment, and on having the tone again given 
made a correct judgment. In these cases the error amounted 
to a major third and a minor fifth. Two chords given were 
also judged incorrectly the first time, but repeated at her re- 
quest were judged correctly. 

Series II. Only seven black keys were given and five of 
the seven errors were made on those tones, while the other two 
errors followed these and were perhaps influenced by the pre- 
ceding errors as a suspicion of a mistake was likely to disturb 
the observer. 

Series III. No black keys were given in these tests which 
were made on a strange, but very good new piano. This series 
brings out clearly the fact which the other series indicated, 
namely, that the tonal region made no difference with this 
observer. Where black keys were unevenly distributed in 
octaves, it was not possible to reach this conclusion satisfac- 
torily. 

Series IV. All but three errors are half tone errors on black 
keys. ‘There were sixteen black keys struck and only five are 
judged incorrectly, which is a considerable improvement over 
Series II, where five out of seven are incorrectly judged. That 
this is due more to carefulness in naming tones than to practice 
in discrimination, is my opinion. The other errors are a major 
second, a minor second, and a major fourth. The last error 
was due to distraction, the subject reported. 

Series V, without any black keys on the piano generally 
used. The errors were both half tones and both cases she re- 
ported a wandering of attention. 

Series VI was a test on a clarionet. In reality twenty-five 
tests were undertaken, but at the close of the first ten, there 
was such a disturbance in the next room that only fourteen of 
the remaining fifteen were correctly judged, although in no 
case was the error more than a whole tone. 

Series VII was a test on a violin. Both errors consisted in 
calling £ g. No sharps were introduced. ‘The violin was a 
strange one, but the observer was familiar with violin music. 

Series VIII was a test with the voice. The three errors 
were made on sharps, two being minor seconds and one a major 
second. 

Series IX is a test which can hardly be tabulated with the 
others. Instead of single tones, chords of irom two to four 
notes were given. All of the two tone chords were correctly 
recognized, but only one three note chord. The upper note of 
each chord was recognized twenty times out of twenty-five, but 
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was omitted in four tone chords. The lower tone was right 
fourteen times in three tone chords and omitted twice in chords 
of four tones. The middle notes were recognized only seven 
times and were omitted three times. Estimating the upper 
notes, her per cent. of error was 20%, larger than in any other 
piano test, while the per cent. for all notes in the chord is 55%. 
Here, as elsewhere, the black notes were the ones most often 
miscalled. I was not able to make all the notes stand out dis- 
tinctly in the chords as in single tones, which may have influ- 
enced the results. 

Considering Miss G.’s number of errors on the half tones, it 
would have been very interesting to test her ability to detect 
fine tonal differences. Unfortunately the time of her experi- 
mentation was cut short by her departure, but the following 
crude tests were made. The gamut was played chromatically 
on the violin with quarter instead of half tones. She thought 
it was the regular chromatic scale. Again approximately one- 
eighth tonal differences were given on an £& violin string, the 
observer being informed of the object of the test, and she was 
required to judge which was the higher of two tones. Her 
judgment was correct in about half the trials. This shows 
that her pitch discrimination was not fine. 

The second subject was a young woman, Miss C. Dismukes. 
At the time I met her she was recovering from a long nervous 
illness, so that extended tests were impracticable. Her musical 
education began so early that she could not remember when or 
how she learned to read notes, but at six she was playing in 
concerts a little. None of her immediate family are musicians, 
but her maternal grandparents were very musical and of an 
artistic temperament. At ten years of age she began the serious 
study of music, and studied one year in Chicago at the age of 
nineteen, where she had a little harmony; she discovered in 
that work that she could write down simple melodies, tone for 
tone, as she heard them. ‘This was followed by three years in 
Vienna with Leschetizky, who tested her very superficially as 
to her memory for tones, but she had never practiced memoriz- 
ing tones at all. 

She thought this tone memory was a help to her in memor- 
izing music so readily, and she always played in concerts 
without notes. She improvised and composed simple melodies 
to words. Besides concert playing she gave lessons in music. 
She sang a great deal for her own amusement, and found that 
she could recognize tones from the human voice more easily 
than from any instrument. Of the tones of instruments, the 
piano, her instrument, were the most readily recognized. She 
also reported that she could hear overtones very plainly. 
Series X was made on a fairly good piano, often used by the 
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observer. Nearly half her errors was in the lower tones, and 
a larger proportion of the remaining was in the upper tones. 
Black keys were recognized as easily as the white keys. Al- 
though she gave all of her answers rather slowly, often hum- 
ming the tone, to fix it in her mind, she said, she believed that 
her recognition of the tones was immediate, 7. ¢., not calculated 
from any other tone. A correct judgment came more quickly 
than a doubtful one. An octave and a major chord were easily 
recognized. ‘This observer found it difficult to concentrate her 
attention, and if she suspicioned that she had made an error, 
she was disturbed and was likely to make other errors. Half 
the errors were minor seconds and two minor fourths were the 
largest errors. 

The third subject, Solomon Cohen, was a boy of fourteen 
who had absolute pitch. He was a student of the violin and 
had studied since he was eight years old. He sang a great 
deal even at four. The whole family was musical, and he had 
heard music of every sort ever since he was born. He thought 
that / was the easiest note to recognize and the scale of / was 
the one which he liked best and in which he played the most. 
His musical brother’s favorite scale was C. They had never 
had any training along the line of memorizing tones, but had 
been taught to detect inaccuracies in the pitch of any instru- 
ment, which they did easily. .S had a very keen ear for over- 
tones, I discovered in testing him, and he could name those he 
heard most readily. His introspection in regard to naming 
tones was that he ‘‘just knew them and had no other note in 
mind.’’ 

Series XI. In the short series on his own piano, S. made no 
errors, although black keys and one chord were introduced. 
The octaves were the iarge and small octaves. His judgments, 
although given rather slowly, were not marked by hesitation. 

Series XII. This series was given on a piano strange to S 
and rather out of tune. He remarked that the tones didn’t 
sound natural. This experiment has value chiefly as showing 
the extreme effect of distraction. Another very musical boy 
of the same age was trying to name thetones. If S named the 
tone first he was almost sure to be right, while if the other gave 
his judgment first, S either agreed with him or was likely to 
make an error. The other boy did not make half a dozen in- 
dependent judgments which were right. S said that black 
keys had a different sound from white keys, and though he 
made some errors on the black keys, he never ‘misjudged a 
black key for a white key or vice versa. He could not explain 
the difference; he said, ‘‘You just know it.’’ 

The fourth subject was David Elliot, aged eight years, and 
was reported by his instructor in music who thoroughly under- 
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stands the subject of absolute pitch from the musician’s stand- 
point. The boy began to study music at the age of six, and 
while his family are not musical, there is a strong artistic 
strain in his mother’s family. He memorizes music readily, 
and is very clever at writing music. The piano is his instru- 
ment, but he recognizes tones of other instruments and the 
human voice, and he can tell readily when a tone is not true. 
So far as the teacher can ascertain, he has no visual or motor 
imagery when listening to tones, nor does he judge from the 
preceding note. When asked how he knew he was right, he 
answered, ‘I don’t know that I’m right—I ¢hznk I’m right.”’ 
This case is particularly instructive because of the early age of 
the subject, and because his first teacher discovered this ability 
and can say that he has had no special training along that line. 
In the test given, series XIII, two errors are major seconds, 
one a minor third and one a minor fourth. 

Some two or three years previous to my work with these ob- 
servers, I made some tests with Miss Meyer, whom I by chance 
discovered had absolute pitch, but owing to a press of work 
and an abrupt departure, I did very little systematic work and 
kept no records, therefore I beg to refer any interested reader 
to Whipple's’ article, whose attention I called to this case. 
Her per cent. of error, according to Whipple, varies from 64% 
to 92%, which is not so accurate as some of my subjects, and 
there is one fact which I do not find mentioned, namely, her 
very keen hearing for overtones, which was to me very re- 
markable. 

In marked contrast with the method of these persons was 
that of a Miss J., who tried a series of twenty tests. Only one 
tone was judged wrongly and that the first one, the error being 
a minor third; nine were right on the first trial, six on the 
second, two on the third and one on the fourth and fifth each. 
Before making her judgment she would hum the note heard 
and then run over several notes with her voice until she was 
reasonably sure. If she failed to get it satisfactorily, she would 
ask for the note to be repeated and would then go through the 
same process until satisfied. Her introspection was that her 
judgment was influenced by the preceding tones. Though 
musical, Miss J. did not call herself a musician, and thought 
she had learned this way of recognizing tones from her class 
lessons in singing at school. Another observer in a memory 
experiment showed a particularly good memory for tones. 
Although a violinist of considerable skill, he attributed it 
largely to the practice in his class singing lessons of finding one 
tone from another, ¢. g., taking do from the pitch pipe, finding 
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fa, so that on hearing a tone he tried to locate and name it, 
and in this way it became fixed in his memory. Another case 
of good relative pitch was that of a musical young woman who 
placed the first note a major second too high. The succeeding 
half-dozen notes were located correctly relative to the first. 
The next test, she placed the tone one-half note too high and 
located the other according to that quite correctly. She ‘‘only 
guessed at them’’ was her introspection, which is never the 
introspection in the case of absolute pitch. 

In attempting a summary of the different cases reported, 
there are found to be some characteristics common to all, and 
again, certain peculiarities of each. Naturally we are inclined 
to consider the common characteristics as having the greatest 
bearing on the problem of the nature of the act of recognizing 
tones from memory. Our conclusions are as follows: 

1. All of the observers have had a musical inheritance and 
an early musical environment and training, but in no case has 
there been specific training in memorizing tones. 

2. An immediateness of recognition and a sureness of judg- 
ment is to be observed in all when the judgment is correct. 

3. All observers have had a particularly good hearing for 
overtones, so far as reported. Their pitch discrimination has 
not been reported to be extraordinarily fine. 

4. Concentration of attention was necessary to all, and 
noises or interruptions were disconcerting and influenced the 
— of the observer. Each note had to be very distinctly 

eard. 

The first two characteristics seem to indicate some special 
endowment of the individual who has absolute tone memory, 
and the last two point to its being some special fineness in the 
sense of hearing, probably that for distinguishing overtones so 
distinctly. 

The remaining conclusions apply only to certain observers, 
and are the following : 

6. The region of the tone affects the accuracy of some and 
not of others. 

7. Although there was a rather strong emotional accom- 
paniment for music, there was not for single notes except in 
one case. 

8. In one case only did the semitones or black keys prove 
more difficult of recognition. Then it was perhaps to be at- 
tributed to a confusion of names rather than confusion of 
sound. In all other cases the semitones seemed to be as dis- 
tinctly associated with a name as the whole tones. 

9. In one case there was visual-motor imagery; one liked 
to fix a tone by humming it; the others did not report any 
help of this kind. 
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10. Under the most favorable condition two observers made 
no errors, while the per cent. of right cases with the others 
varied from 92% to 68%. ‘The method of recognizing was, 
however, substantially the same. 

These last peculiar characteristics are interesting and agree 
in part with those discovered by the authors already quoted, as 
do also the first four reported ascommon toall. Other investi- 
gators might, of course, find other than these four factors 
common to all their observers and find these as only peculiar 
to some. 

Of course, aside from the purely scientific aspect of the 
matter, there is also a pedagogical interest. Even though 
these individuals have some particular ability, could other peo- 
ple imitate their method? For example: supposing that fine- 
ness of hearing for overtones is the size gua non of absolute 
pitch, would a cultivation of the hearing of overtones aid in 
acquiring a fair degree of absolute pitch? The invariable 
associating of certain tones and certain names is of the greatest 
importance, as anything whjch has a name of its own has a 
more certain place in consciousness, 

This would mean that in singing lessons the tones should 
always be named and should always be accurately pitched. It 
is the earnest hope of the writer that psychologists or other 
persons interested in this subject will investigate and report 
any cases of absolute memory for tones, as it is through study- 
ing mental peculiarities that we sometimes arrive at valuable 
results in the study of the laws of consciousness. 


STUDIES IN ABSOLUTE PitcH. II. 


Since sending in the MS. of the above it has been my good for- 
tune to interview nine persons and to have had letters from 
four people who seem to have absolute pitch according to the 
definition of it given above. They have included one of the 
greatest, if not the greatest, violinist of to-day, and young 
students of music who are very deficient in their musical edu- 
cation. The degree of ability to recognize tones has varied 
correspondingly from persons who never make a mistake to 
those who cannot recognize black keys with any certainty at all. 

Their introspections may be summarized as follows, and 
where the entire thirteen have not agreed it is because of lack 
of information unless otherwise specified : 

1. All report that they have never had any training in 
ene tones, and consider it a natural or ‘‘inherited’’ 
ability. 

2. All report a musical inheritance and a more or less musi- 
cal environment, as well as an early musical education. 

3. Eleven report hearing overtones very plainly, and I have 
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personally tested the less experienced musicians. Two have 
not reported on this by letter. 

4. An immediateness of recognition without comparison 
with other tones or without motor-visual imagery of any sort 
is reported by eleven. Each note has a sound quite distinctive 
and irrespective of its place in the scale. 

5. Seven report that they must be able to concentrate their 
mind, 7. e., must not be over fatigued or disturbed to attain the 
best results. This I have found to be true in all whom I have 
tested. 

6. The two most unpracticed observers could not recognize 
the black keys, and were quite confused when they were 
sounded. However, one of these judged very accnrately on 
the white keys. 

7. Seven report that they can pitch any note with their 
voice. One lady cannot judge the notes of a voice unaccom- 
panied by an instrument. 

8. Five report that changing from a piano tuned a little 
lower or higher makes practically no difference in their judg- 
ments. 

9. Nine report never making an error in judging a tone. 
These are all teachers and concert players. The others have 
varying ability. 

The clue to the difference in the method of those having 
relative pitch and those absolute pitch seems to me to be found 
in the two facts of hearing overtones so plainly and of hearing 
each note quite distinctly from its relation to other tones. At 
first I was inclined to attribute the difference in sound to the 
keen hearing of overtones, since we recognize different instru- 
ments from the variation in their strong partials, and from the 
fact that a chord is more easily recognized than a single tone. 
While this may be a valuable aid, further study inclines me to 
the belief that there may be a tone system of qualities com- 
parable to the spectrum in vision, and is probably due to dif- 
ference in vibration rates. The scale of tones would correspond 
to variation in brightness, which is, of course, to be observed 
in the spectrum as well as the colors, and probably the average 
person hears the tone system as a tone scale in much the same 
way that a color blind person sees the spectrum as a graduated 
succession of brightnesses. I asked a New England Conserva- 
tory graduate who has absolute pitch whether she had the 
tones in her mind as she did colors. Her answer was that she 
had a tone system as she did a color system. ‘The famous vio- 
linist thought that people who did not have absolute pitch must 
be tone deaf to a certain extent. Neither carry one tone mem- 
orized to which they refer all others. 

I have never yet found any one who thought that hearing 
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overtones was a help in recognizing a tone, on the contrary 
they say it is in the tone itself, but it seems that if it lies in the 
tone itself, the proper way to teach young beginners would be 
to have them attend to the tone and its overtones so that they 
may know it for itself, instead of in its relation to other tones. 
Although very unskillful at recognizing tones myself, I have 
made greater progress since I have been hearing out overtones 
and trying to distinguish differences in the tones aside from 
their relation to other tones. 

The following extract from Percy Goetschius Mus. Doc. puts 
the problem and its probable solution very neatly. 

‘‘Some music-lovers can distinguish these varying rates of 
velocity so accurately that they know which tone is sounding, 
without reference to the keyboard or comparison with other, 
previously defined tones. Not all persons, however,—in fact, 
not many,—possess this ability of defining the absolute pitch of 
tones; and it might therefore be concluded that any individ- 
uality of key that is based upon this distinction would be 
recognizable only by the very small minority of music-lovers 
who are thus able to define the pitch of a tone. But that 
proves nothing; the distinction does surely exist, whether 
few or many are immediately conscious of it and able to define 
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EFFECT OF CHANGES IN THE TIME VARIABLES IN 
MEMORIZING, TOGETHER WITH SOME DIS- 
CUSSION OF THE TECHNIQUE OF 
MEMORY EXPERIMENTATION. 


By PROFESSOR JOHN A. BERGSTROM, Indiana University. 


(With the co-operation of Supt. W. H. Sanders and Supt. F. A. 
Herrington. ) 


The effect of changes in the different rate variables in mem- 
orizing has been the subject for occasional investigation in the 
Psychological Laboratory of Indiana University since 1894-5, 
beginning at that time with the preparation of a Master’s thesis 
by Supt. Sanders on the effect of different rates of reading lists 
of associable and dyssociable words and letters upon their re- 
tention and reproduction by auditors. The following year, 
with a view to extending the investigation to impressions re- 
ceived through the eye, and with a view also to securing ap- 
paratus of general utility for memory experiments, the writer 
designed the compound interrupter and exposure drum, figured 
and described further on. With this apparatus several studies 
were begun at different times, but none completed till Supt. 
Herrington made use of it in the preparation of a Master’s 
thesis, in 1903-4, dealing with the effect of varying, in the 
learning of nonsense syllables, the duration of exposure of 
each syllable, the intervals between syllables, and the inter- 
mission between readings of series of syllables. 

The points of special interest in the investigation have been 
partly technical and psychological and partly educational. 
The study of the rate variables in memorizing is, of course, a 
direct study of certain elements in the technique of experi- 
mentation in this field. To avoid the possible disturbing in- 
fluence of these elements, experimenters have usually endeav- 
ored to keep them constant throughout an investigation; the 
study of their effects should reveal the significance of varia- 
tions in them and also under what conditions the best experi- 
mental results may be expected. The apparatus required must 
not simply be serviceable for ordinary experimentation, but 
must, in addition, be adjustable with regard to the variables to 
be studied, so that what will serve for this purpose will serve 
for most, if not all, others in which comparable materials and 
methods are employed. 
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With regard to the psychological aspects of the problem, it 
may be said to be a study, on the one hand, of the degree of 
possible adjustment or adaptation to the different rate variables ; 
and, on the other hand, to be a study of the various mental 
effects of changes in these variables. The wide range of pos- 
sible adjustment of the mental processes involved, and the 
individual differences, are as remarkable in this as in most 
other lines. But adaptation is not complete and uniform for 
all rates; and the character, permanence, and economy of the 
work done under the different conditions is a matter of prac- 
tical importance. Perhaps of chief interest, however, are the 
inferences suggested by the results as to certain fundamental 
modes of mental activity, partly apperceptive and partly re- 
tentive and reproductive, especially as to the probable subcon- 
scious adjustments that occur with the passage of time. 

The solution of these psychological questions will aid in the 
analytic study of the pedagogical aspects of the problem. 
While the instinctive adaptation of both pupils and teachers, 
together with existing pedagogical precepts and traditions, has 
already contributed much to the elucidation of the subject, yet 
laboratory studies and practical tests in schools will be of ser- 
vice in the analysis of the causal factors, which common expe- 
rience usually cannot with sufficient certainty accomplish. 
Moreover, personal differences, the pressure of work, and the 
common pedagogical illusion that what is easy for the teacher 
will be so for the pupils are liable to mislead the judgment as 
to the most advantageous rate of work. One cannot visit 
schools without receiving the impression that the rate of work 
of pupils varies considerably in different classrooms, and that 
the best rate is exceeded in some and not attained in others. 
Particularly is there danger that the rate will not be sufficiently 
adjusted for the different degrees of difficulty of the subject 
matter. The rate of work inmany European schools, especially 
those under government control, seems often very severe and 
rapid, due, perhaps, in part to extensive programmes of study, 
and in part to the adoption of a rigorous class management, 
almost military in character. Whether average differences in 
the rate of work in different countries is sufficiently great and 
demonstrably due to permanent, temperamental causes so as to 
make it significant to speak of national types or differences 
cannot be regarded as definitely established, though statements 
with such implications are often made. At any rate, personal 
differences of this kind within a given country are probably 
much the greater. 

In the analysis and formulation of the problem several dis- 
tinctions must be noted. Mental states are of many different 
kinds and succeed each other at rates varying much according 
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to circumstances. The train of ideas which makes up the stuff 
to be remembered may take its course with or without imme- 
diate external suggestion and guidance. In the experiments 
here reported the succession of mental states was suggested by 
series of letters, nonsense syllables, associable, and dyssociable 
words, presented at certain definite rates. The rates of these 
external series, especially those for the eye, may be made quite 
accurate; but the corresponding mental series can only be 
made approximately as definite. The matter may be repre- 
sented as follows: 


Rise in 
consciousness 
B 

Letters, 1 f k 
oe mak tuj pif nox vol 
Unennnesied horse bricks solder acorns string 
- ee paper writing | compose | position work 


Part AB of the imaginary time line AX is designed to repre- 
sent the external duration of the impression; in the case of 
vision, for example, its visibility. Part BC represents the 
vacant interval between the disappearance of one impression 
and the presentation of its successor. The series of impressions 
may have been a series of any one of the different kinds of ob- 
jects represented in the columns below the time line. The 
curve in the space above the time line is meant to suggest the 
rise and fading away of the idea in consciousness. In the case 
of associable ideas we may imagine a back reference from one 
idea to its predecessor that will connect and intensify them 
both. 

A question of special interest but also of special difficulty is 
that regarding the nature of the connection established between 
successive members of the series, the answer to which can only 
be attempted by certain neurological speculations. Even the 
general form of the connection has only partly been made out; 
and it is to the solution of the latter problem that the numerous 
experimental investigations, beginning with that of Ebbing- 
haus, have in the last twenty-five years aimed to contribute. 
Ebbinghaus found that the associative bond extended not only 
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from one syllable to the next succeeding in the series learned, 
but measurably also as far as the ninth down in the list and 
also to some distance backwards. He ascertained that the 
strength of the connection decreased inversely as the logarithm 
of the time, as measured by the number of readings saved in 
relearning nonsense syllable series in the course of a month. 
A similar logarithmic law was found by Wolfe to hold for the 
decrease in the distinctness of the memory of a tone within the 
short period of a minute, as measured every few seconds by 
the ability to discriminate it from another nearly like it, though 
it must be noted as an exception that the tones were most 
easily discriminated from one another when the interval be- 
tween them was about two seconds, which corresponds with 
the interval Dwelschauvers found most favorable for the adjust- 
ment of the attention in reaction time. Muller and Schumann 
have demonstrated that the associative bond between two syl- 
lables of a foot in rhythmic reading is stronger than the bond 
between adjacent syllables of different feet. Interference effects 
have been shown to develop.in the formation of new modes of 
reaction for the same sensory material. Miller and Pilzecker 
have demonstrated with the aid of a new method that, other 
things being equal, old associations function more slowly than 
the more recent. The strength of an association varies, besides, 
with several other factors such as the condition of vigor or 
fatigue and the rate and mode of learning, which, as far as 
they concern the experiments here reported, will be considered 
in connection with their presentation. 

The different characteristics of the associative bond are no 
doubt present in the ordinary operations of memory, though 
most of them are only to be definitely ascertained by means of 
experiments. What is on the surface and may be seen within 
any short period of observation are such facts as are described 
by the so-called laws of association: contiguity and relation, 
together with vividness, frequency, recency and the number of 
repetitions as determining the strength of the association. 
Inferences from experiments and pathological observations 
have suggested with more or less probability, besides these, 
certain less easily discernible factors, many of which will have 
to be considered in the endeavor to account for the experi- 
mental results presented. Thus, Professor Burnham infers 
from cases of retroactive amnesia that ‘‘in normal memory a 
process of organization is continually going on—a physical 
process of organization and a psychological process of repeti- 
tion and association. In order that ideas may become a part 
of permanent memory, time must elapse for the processes of 
organization to be completed.’ If true, this theory would 
play an important part in the explanation of the results of this 
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investigation. In the cases of retroactive amnesia described by 
him, the amnesia extends not only to the facts of the accident 
that brought ;it about, such as the fall from a horse or other 
injury, but also to the events preceding the accident by from a 
few seconds to perhaps several hours. The explanation pro- 
posed for this, which is the basis for the more general inference 
quoted, is that the shock interrupted a certain organizing pro- 
cess of the mind, which is active not only at the time of receiv- 
ing the impressions but for some time afterwards and is necessary 
for their retention and recall. 

Therefore, while it is possible to make each member of an 
external series of impressions occupy a definite time and be 
succeeded by another after a definite interval, and to make con- 
scious attention to the impressions approximately parallel with 
this, there is the possibility of a more continuous nervous 
activity, which, in spite of the apparent parallelism of the ob- 
jective and the subjective series, can make the results with the 
slower rates better. In view of this possible persistence of 
nervous activity, it will be necessary not toimply, in formulat- 
ing the problem, as the study of the effects of changes in the 
time variables in memorizing, more than that conscious atten- 
tion to the series approximately corresponds with the rate of 
the external series. 


II. 


The methods employed in memory investigations may be 
placed in three classes, namely, those which involve the com- 
plete memorizing and reproduction; those which involve only 
the partial memorizing and reproduction of the items studied, 
and those which measure the rate of functioning of the associa- 
tion. In the first class belongs the original memorizing method 
of Ebbinghaus, in accordance with which a series of nonsense 
syllables was repeated till a perfect repetition by heart was ob- 
tained. The number of readings or repetitions needed was used 
to measure either the increased difficulty of learning with in- 
creased length of series, or, in the case of series once learned, 
to measure after certain intervals the strength of the associa- 
tions still remaining by the saving effected in relearning, in 
comparison with the number of repetitions required for a new 

series of the same length. Throughout this paper this method 
will be called the complete memorizing method. In this class 
belongs also one form of the memory span test, namely, that in 
which the limits of the span are ascertained by making suc- 
cessive additions to or subtractions from a list of items read or 
shown to the subject till the maximum number that can be 
retained after being once heard or seen is found. 

In the second form of the memory span test, which is the one 
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usually employed in simultaneous experiments with a large 
number of individuals, a slightly longer list of items than can 
be remembered after a single presentation is used and the rela- 
tive efficiency measured inversely by the errors made. The 
actual ‘‘memory span’’ is not ascertained but merely the rela- 
tive efficiency under the same conditions. This experiment is 
the best known of those which belong to the second group. 
The reproduction of what is memorized is partial and must be 
so, since differences in records are only possible when errors 
are present. The method of right associates ( 7reffermethode), 
developed by G. E. Miller and Pilzecker in the psychological 
laboratory at Gottingen and first described in a paper by Jost, 
in 1897, also belongs in this class. A series of items like non- 
sense syllables is repeated a certain number of times and, after 
an interval, alternate ones are shown singly to the subject and 
he is required to recall the one immediately succeeding or pre- 
ceding, as the problem may require. Usually the syllable 
series is learned by reading in trochaic rhythm; and the test of 
the strength of the association at some subsequent time is made 
by presenting one of the syllables of each foot to the subject 
aud requiring him to recall the other. The number rightly re- 
called is taken as the measure. Additional information regard- 
ing the value of the associations is sometimes obtained by 
measuring with the aid of the chronoscope the length of time 
required foreach recall. The prompting method of Ebbinghaus 
is still another method to be classified in this second list. In 
this, too, not enough readings are employed to enable the sub- 
ject to reproduce the material completely; the number of times 
he must be prompted to enable him to do so is the inverse 
measure of the condition of the associations. The methods of 
the second class so far described are, of course, easier and do 
not require so much time in execution as would the memorizing 
of series of the same length for complete reproduction, with the 
possible exception of the method of right associates when the 
time of the associations is measured. This element of greater 
ease is still more noticeable in another method belonging to 
this class, which may be called the recognition method. An 
account of the employment of it is found in an article by Hegel- 
maier upon memory for length of lines, an experimental study 
made in Vierordt’s laboratory about 1852. It has since been 
employed by H. K. Wolfe in experiments upon memory for 
tones and by many others in the study of memory for qualities 
and intensities of sensations. The method is the same as the 
method of ‘‘right and wrong cases’’ in experiments for the 
Weber law, the interval between presenting the standard and 
the comparison being varied, if the purpose of the experiment 
is to ascertain the rate of forgetting. More recently the recog- 
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nition method has been employed by Fritz Reuther with com- 
plex materials. In his experiments he required the subject to 
read series of four place numbers, which he then showed him 
later according to certain experimental plans to see how many 
he would recognize. The subject did not, of course, know 
that the second series was the same. 

The writer has employed the method in the following form: 
A series of ten nonsense syllables were read once or more ac- 
cording to the problem; then a second series of twenty syllables 
was shown containing the first ten and ten others. The num- 
ber of syllables the subject recognized under given conditions 
was taken as the measure of the strength of the associations. 
It is essential in the use of this method, as with others of its 
class, that only a part of the syllables shall be recognized. 
Figure 2 gives a sample of the material used. 


FIGURE 2. Part I. 
pub kij mag qer vum_ sed lif hov tol jap 
Part II. 


tus ziz pub sed nur =vum san wav jap ger 
gox lif tol qif hov mag lom ket ki dul 


The method employed by Miss Theodate L. Smith, in which 
a series of ten syllables or characters were exposed to view for 
twenty seconds for the subject to read as he pleased, with the 
requirement that he should write down all he could remember 
afterwards, belongs also in this class; as do the methods em- 
ployed in the experiments reported in this paper. 

In the third class may be placed the usual methods for de- 
termining the practice curve by measuring the improvement in 
speed, as, for example, was done by Bryan and Harter in the 
study of telegraphic language. Here, too, would be placed 
the method employed by the writer in the study of memory 
problems by the interference of associations. In both classes 
of experiments the rate of functioning is what is directly 
measured. 

III. 


The experimental technique in the use of these methods also 
goes back to the work of Ebbinghaus, who formulated some of 
the chief requirements. To secure uniform unconnected ma- 
terial for his experiments, Ebbinghaus made use of nonsense 
syllable series. Miller and Schumann introduced a conven- 
ient plan for their construction and laid down certain rules for 
securing greater homogeneity, so as to make them ‘‘normal’’ 
or ‘‘extra normal,’’ in this developing a procedure which Eb- 
binghaus had discarded in favor of leaving the character of the 


| 
Hi] 
3 


EFFECT OF CHANGES IN TIME VARIABLES. 213 


syllables wholly to chance. To be ‘‘normal’’ all initial con- 
sonants, all middle vowels, and all final consonants respectively 
in any given series must be different, as far as possible. The 
initial consonant of the first and the final consonant of the 
second syllable of one of the trochaic feet into which the series 
is divided in reading must not be the same; and two or more 
successive syllables must not form well-known words or 
phrases. To be ‘‘extra normal’’ no two syllables used on the 
same day shall have two letters the same. In constructing 
series small cards with initial consonants are placed in one box, 
cards with the middle vowels in another, and cards with the 
end consonants in a third. A syllable is made by taking by 
chance a letter from each of the boxes in the order mentioned. 
When a sufficient number of syllables for a series has been se- 
cured, the cards used are put back into their respective boxes 
and the procedure repeated for other series. After this, what 
needs to be done to make the series ‘‘normal,’’ can usually be 
done by shifting one or two syllables; the ‘‘extra-normal,’’ 
however, may require the construction of new syllables. 

To secure the uniformity necessary for experimental pur- 
poses in the work of memorizing itself, Ebbinghaus read, re- 
peated what he could, read from the point of hesitation, and 
continued reading and repeating in this way, all at the uniform 
rate of 150 syllables per minute, till he was able to repeat the 
whole series by heart. The rate was secured by timing the 
reading, in the early experiments, by the strokes of a metro- 
nome, and in the later, by the ticks of a watch. The syllable 
series was written on a sheet of paper, and in reading several 
syllables might be seen at once. The effort to maintain a cer- 
tain rate by aid of an external standard is a source of strain 
and distraction, especially at first; moreover, the possibility of 
seeing several syllables at once might introduce an error in the 
study of various values in successive association. Miiller and 
Schumann, therefore, in taking up the study of memory prob- 
lems by the Ebbinghaus method, endeavored to avoid these 
difficulties by placing the syllable lists, written in a vertical 
order, on the horizontal drum of a kymograph, before which 
they arranged a screen with an opening so that only one sylla- 
ble could be seen at atime. This plan has been employed not 
only in the extensive and important studies made in Professor 
Miiller’s laboratory at Gottingen, but in studies made else- 
where, as at Wiirzburg and Chicago. For changes in the 
duration of visibility of the syllables, or of the intervals be- 
tween them, or of the rests between series of syllables, it is 
evidently inconvenient and not free from the introduction of 
other variables than the one studied. For example, if the rate 
of presentation of the syllables is varied by changing the rate 
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of the drum, the rate of motion of the syllable, as it goes before 
the eye, and so the time of its visibility, or else the distance it 
traverses, is altered. To change the rate of presentation of the 
syllables and yet keep the time of visibility the same, would 
require keeping the kymograph at the same speed and respa- 
cing the syllables. The authors call attention to another diffi- 
culty, namely, that watching the movement of the drum and 
syllables gives rise to eye strain and even dizziness, which one 
of their subjects suggested might be remedied by having the 
presentation of the syllables made step-fashion. Published 
accounts of apparatus by which this might be done have not, 
however, appeared till recently. The latest, that by Dr. 
Wirth, seems to differ from the first, that of Randsburg, chiefly 
in being so planned as to be nearly noiseless in its operation. 
It consists essentially of a disc or short drum moved by a 
weight, but made to move step-fashion by an escapement, 
which is operated electrically by a metronome. With the disc, 
the items to be learned are written in sectors, the disc moving 
forward a sector at a time and each sector being one-sixtieth of 
the whole area. These pieces of apparatus leave the syllable 
stationary while it is being observed but do not provide means 
for varing the duration of visibility independently of the gen- 
eral variation in the rate of succession or for the convenient 
adjustment of the intervals between series. In these respects 
the apparatus used in our experiments and described below has 
the advantage. 

Figure 3 reproduces a sketch of the compound interrupter, 
or system of pendulums, by which the intervals between sylla- 
bles and the duration of visibility of each syllable is regulated, 
as far as need be, independently one of the other. The visi- 
bility is regulated by the small pendulum at the right, P*. P* 
does not swing independently of the other two pendulums, P* 
and P*. At each extremity of its swing there is an electro 
magnet, one of which shows in the figure. It swings from one 
to the other only when the current in the magnet that holds it 
is broken. When the current in the magnet at one end is 
broken, it is made simultaneously in the magnet at the other 
extreme, so that the pendulum, when it reaches this, is caught 
and held till the current in that is in turn broken. The cur- 
rent may be made or broken in these two magnets by either of 
the two large pendulums according to the connections made. 
The change occurs when the large pendulum, with which the 
small pendulum magnets are connected, swings past its centre 
and therefore regularly at the beginning of each half swing. 
The half swing of the large pendulums gives the intervals be- 
tween the syllables, the swing of the little pendulum gives the 
duration of visibility, which can, of course, remain the same 
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FIGURE 3. COMPOUND INTERRUPTER. 


with different periods of the larger pendulums, or be varied 
while the total interval between the syllables remains the same. 

The large pendulums are kept in motion by being parts of 
the oscillating motors (M). They receive a slight impetus 
when nearing the vertical in their swing each way. The com- 
mutator (S) is so arranged that the contact spring bears now 
on one side, now on the other, according to the direction of the 
swing. The heavy lines of (S) are metallic contact surfaces. 

For practically all experiments likely to be made, only one 
of the large pendulums would be needed, so that the inter- 
rupter could to that extent be simplified. It would then con- 
sist of one large and one small pendulum. The electrical 
connections with the escapement would be correspondingly 
reduced in number. In this respect it is now so arranged that 
by the switch shown in Figure 4 either of the large pendulums 
can be made to operate the escapement in immediate succession, 
the small pendulum working with one or the other as may be 
required. This arrangement was especially made so that the 
subject, according to a variation of the Ebbinghaus method, 


might read the syllables at one rate and repeat them ata . 


slower rate, but be able, as soon as he failed in repeating, to 
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throw in the more rapid rate, at any time in the series, for 
further reading. However, no use of it for this purpose has 
been made and most forms of experiment would not require it, 
so that the device for this particular purpose could very well 
be omitted. As far as known to the writer, this piece of ap- 
paratus for combined intervals is new in principle and design 
and may possibly prove to be of some service. 


FIGURE 4. ExPosURE DRUM. 


Figure 4 gives a picture of the exposure drum and escape- 
ment. The drum is about 16.5 cm. long and g cm. in diame- 
ter. Since it must act as quickly and with as little shock as 
possible, a point of special importance is to make it very light. 
This one has aluminum ends and a thin aluminum cylinder. 
For the cylinder a heavy paper was at one time used, but the 
aluminum seems better. The use of a skeleton steel end for 
the one with the cogs would be an improvement. One thing 
to be noted is that by the pressure of the lever the escapement 
is thrown out of action so that the drum flies around to the 
starting point, being there arrested by the two-pronged spring 
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screwed to the end of the drum, the curved prong arresting 
the drum gently, the straight one placing it in position. As 
soon as the end of a series is reached, it is possible to make the 
interval before beginning reading it again whatever may be 
desired, without the need of waiting till the drum, by its inter- 
rupted motion, brings one to the beginning. 

The noise is reduced somewhat by mounting the drum solidly 
on a rather heavy iron base and by placing the entire apparatus 
on a stone foundation. But even so, the escapement works 
with a sharp, though not a reverberating click. However, the 
blows of the cogs on the escapement are synchronous with the 
presentation of the syllables and distract the attention but 
little, since there is no requirement that they shall be attended 
to or followed. The effect is somewhat the same as would be 
produced by accompanying the oral reading of the syllables by 
a synchronous tapping on the table. 

One part of the apparatus does not show in the sketch, 
namely, the part needed in the employment of the recognition 
method described above. In this case it is necessary to have 
some means of recording what syllables are recognized. This 
record is made on a narrow strip on the left end of the drum 
by means of an electric marker. The use of other parts of the 
apparatus, such as the slide with opening for seeing the sylla- 
bles and the rotation recorder at the right end, doubtless, need 
no explanation. One other thing, however, should be men- 
tioned. No additional apparatus is needed in employing the 
method of right associates, except a chronoscope in case the 
time of recall is also to be measured. The pressure on the 
same key can simultaneously start the chronoscope and make 
the exposure of the syllable. 

The drum was made of such a size that the vertical distances 
of the syllables, or the interlineage, corresponds to a fixed 
interlineage of a type-writer, by which all the syllable lists 
have been prepared. 


IV. 


As has been stated, the first experimental data were, how- 
ever, not obtained with the aid of this apparatus but by oral 
presentation at different rates, the rate being controlled by a 
metronome. ‘The chief experiment made by Supt. Sanders by 
this method comprises records obtained simultaneously from 
thirty students in the psychological laboratory, in May and 
June, 1895. The students had participated in laboratory 
practice throughout the academic year up to that time, so that 
the conditions were quite favorable. Two kinds of materials 
were used, namely, lists of ten associable words and lists of ten 
letters arranged in accidental order. Series of both kinds were 
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read on each day of experimentation according to a compensa- 
ting programme, with intervals from word to word or letter to 
letter of 0, .5, 1, and 2 seconds. Each series was read once 
and the subjects were asked to write down as many as they 
could remember within a certain time beginning immediately 
after the reading. The average number of series of associable 
words and letters employed with each individual at each rate 
was 22.4 and 30.23, or 224 words and 302.3 letters respectively; 
giving a total of 6,720 words and 9,070 letters for the whole 
group at each rate, or a total of 20,160 words and 27,210 letters 
for all at all three rates. The errors made are classified as 
omissions, insertions, and mistakes of order. By omissions is 
meant the number of words or letters left out by the subject in 
reproducing a series, by insertions the number of words or 
letters put down by him that were not in the original series. 
The number of real mistakes of order cannot be counted 
exactly but it is probably approximately proportional to the 
number of changes that must be made to set the series right, 
and this is what has been counted and set down under the 
head of mistakes of order. The accuracy of reproduction is 
inversely as the number of errors; this must be kept in mind 
in the interpretation of the averages. 


TABLE I. 
Associable Words. Letters. 


Intervals between 


0.5 2 seconds. 


Omissions. 2686 
Insertions, 540 
Mistakes of order.| 209 735 


Total. 3435 3999 


Per cent. of whole 
number of words |51.12 -5 | 23-9 ||44-09 |42. 38.44 
or letters. 


To facilitate comparison of the changes with the different 
rates, Table II gives the distribution of errors at the different 
rates in per cents of the total number of errors of each kind. 

The number of errors with the associable words is 37.17% 
of the whole number of words; the number of errors with the 
letters is 41.73% of the whole number of letters. In the case 
of the words, the omissions are 29.46%, the insertions 5.16% 
and the mistakes of order 2.53% of the whole number of words; 
and in the case of the letters the corresponding per cents are, 
25.58, 7.92, and 8.45. The fact that there are relatively 
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TABLE II. 
Letters. 


Associable Words. 


Intervals. 0.5 2 0.5 I /|2 seconds. 


Omissions. 45-23 |33-12 |21-65 ||35-04 |33-93 31.03 
Insertions. 51-67 |30.53 |17-8 ||38.26 |32.73 28.97 
Mistakes of order./40.95 [32-75 |26.28 |/32.83 |35-77 31-4 


Total. 45-84 |32-74 [21-43 |/35-23 |34-04 | 30-79 


more insertions and especially mistakes of order with the letters 
than with the words, is doubtless due to the fact that the words 
make a series with an order determined by the associations, 
which is not generally true with the letters but only accident- 
ally so when they happen to fall into a mnemonic scheme. 
That they would not be remembered so well in their order 
would naturally follow. The absence of definite, well known 
associations in the case of the letters, together with their small 
number and their being used over and over again would make 
one more liable than in the case of the words to make insertions 
of letters which should not be present. 

What concerns us especially, however, is the striking differ- 
ence in the relative distribution of errors in the two kinds of 
materials at the different rates. With the words the number 
of errors decreases to less than half as the intervals increase 
from 0.5 to 2 seconds. With the letters the decrease is rela- 
tively small, the change from 1 to 2 having somewhat greater 
effect than the change fromo.5 to 1 second. With neither 
kind of material do the different kinds of errors decrease in the 
same proportion. In both the decrease in the per cent. of inser- 
- is greatest, in the per cent. of mistakes of order least of 
all. 

The marked reduction of the errors with lengthening inter- 
vals in the case of the words can leave no doubt of the great 
effect of the interval. The reduction occurs with every indi- 
vidual and with regard to all kinds of errors, with a few excep- 
tions in mistakes of order. The number of errors would be 
still further reduced if the intervals were made longer, for, it 
the connection between the words is carefully noted, all can 
usually be reproduced either forward or backward, even after a 
considerable period of time. Should the reduction in the num- 
ber of errors continue at the same rate, as is probable, there 
would be only 10% errors if the longest interval were doubled; 
and, if the interval were then doubled again, nearly all would 
perhaps disappear. 

In the case of the letters the reduction in the errors with in- 
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creasing intervals is relatively small and does not occur in 
every case but only with twenty-one of the thirty subjects, the 
rest either doing nearly equally well or slightly better with the 
more rapid rates. 

After the tests were over, Supt. Sanders made a personal 
inquiry regarding the methods of memorizing by the different 
subjects, particularly as to whether mnemonic aids suggested 
themselves in learning the letters. He found that most of 
those who prefer the slower rates have a disposition to employ 
some grouping or association, while most of those who prefer 
the more rapid rates do not do so. It seemed probable, there- 
fore, that the better records obtained with the letters at the slower 
rates were due to associative processes in this case as well as in 
the case of the words, and that, aside from this the mind can 
adapt itself to receiving simple unrelated impressions, like the 
letters nearly equally well at any of the rates employed, while 
the intervals have a high value with relatively complex and 
associable material. That this conclusion represents the most 
important comparative aspect of the two sets of experiments, 
seems clear. Whether it can be made to cover all the facts now 
known about this problem, will be considered later in connec- 
tion with the discussion of subsequent experiments and the 
results of others. 

In the case of the associable words the total number of errors 
make the following per cents of the whole number of words at 
the different rates; (0.5, 1, and 2 seconds), namely, 51.12, 
36.5, and 23.9, giving 14.62 and 12.6 respectively as the 
amount of decrease from the shortest to the medium and from 
the medium to the longest interval. If we consider only the 
omissions, which are about four times as numerous as all the 
other errors put together, we find that the decrease from 0.5 to 
1 is almost exactly as great as the decrease from 1 to 2, the 
omissions making the following per cents of the whole, 39.97, 
29.27 and 19.14, and giving 10.7 and 10.13 as the differences. 
The decrease in the errors proceeds approximately in an arith- 
metical series, while the intervals increase in a geometrical 
series, the rate of decrease of the insertions being greater and 
that of mistakes of order less. The number of insertions at 
the fastest rate is disproportionately large, which may be due 
to indistinctness of enunciation by the experimenter or inat- 
tention on the part of the subject. As has been said, if the 
relations in the series had been clearly noted, nearly all of the 
words would have been recalled. The realization of meanings 
and the noting of relations between the words took place to 
some extent with the most rapid rate, toa much greater extent 
with the slowest rate, though it was even with this incomplete, 
The words represent complex, though familiar ideas and the 


EFFECT OF CHANGES IN TIME VARIABLES. 221 


seeing of the relations between them depends upon and doubt- 
less takes place directly in connection with the apprehension 
of the different meanings of the words. Moreover, if we as- 
sume that the amount recalled varies with the degree of asso- 
ciation, we can state the result from this point of view as fol- 
lows: The acquisition and retention of a series of familiar asso- 
ciable words varies approximately as the logarithm of the interval 
at which the words are spoken, the shortest interval being that 
which barely permits a clear pronunciation. The length of time 
before a given stage of association would be reached would 
vary with the individual and the material, but even within 
these limits the scope of this law, if we can so call it, may be 
very great. It is not unlikely that it would roughly represent 
the rate of acquisition of ideas from reading or oral communi- 
cation; not that the intervals in this case would be between 
words, but rather between ideas suggested by significant words, 
phrases, and clauses. Seeing the relations between the words 
of these experimental series requires a realization of the mean- 
ings of words and the perceiving of relations, which is not 
unlike the process required for the apperception of discourse, 
According to this formula, acquisition is especially rapid in the 
first few moments, which accords with experience, since a 
speaker needs only to make a small difference in his rate of 
utterance to make himself either well or ill understood. With 
respect to this matter, however, individual differences are con- 
siderable, and the statement is only regarded as a rough ex- 
pression of a general result. A preliminary experiment by 
Supt. Sanders with six persons gives some additional data. 
Two kinds of materials were used, namely, lists of ten associa- 
ble words and lists of eight disconnected, or dyssociable words. 
There are 240 series for each of the six general averages, 40 
being supplied by each subject. The intervals do not, in this 
case, make a geometrical progression, which must be kept in 
mind in considering how closely the averages follow the for- 
mula. The percents in the the table below (the sums for all 
three kinds of errors) are of the total number of words for the 
different intervals. 


Associable Words. || Disconnected Words. 


Intervals. -476 | .715 | 1-43 || -476 | .715 | 1-43 sec. 
Per cent. of errors.| 63.4 |51.04 | 35-45] 66.7 | 56-8 | 45 
Differences. 12.36 15.64 9-9 11.8 


To conform to the formula differences with the associable 
words should be in the ratio 3:5. The actual ratio is 3:4, 
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which shows considerable divergence. ‘There was some, but not 
so great, a difference in the same direction in the preceding 
experiment. This may be the normal deviation, though there 
is some reason for believing that it is due to the development 
of insertions from causes that would not be a part of the process 
to which the formula is supposed to apply. Such would be 
insertions due to misconceptions of words indistinctly spoken, 
which would be liable to occur chiefly at the most rapid rate. 
The misconception takes its place as one of the number of 
items the subject can remember and so will often give rise to 
an omission as well as to an insertion, in this case, counting 
double in the totals. Supt. Sanders collected a number of in- 
stances of still another type of insertion that occurs chiefly 
with the rapid rate. In this case the subject, instead of re- 
membering the word spoken, remembers a suggested word. 
Word pronounced. Word written. Word pronounced. Word written. 
lisp tongue music songs 
dual fire flames 
silent : classes scholars 
trees sound noise 
son 


With regard to the disconnected words, it might have been 
supposed that the effect of the intervals with them would cor- 
respond rather with the effect on the letters than with the 
effect on the associable words, but the reverse is true. It will 
be seen, however, that the influence of the intervals in the case 
of the disconnected words is only about two-thirds as great, 
which would place them in this respect between the associable 
words and the letters. As in the case of the associable series, 
the words represent familiar, but rather complex, ideas, and 
besides, they may not be wholly unassociable, but merely dys- 
sociable. The explanation of the effect is therefore probably 
the same in both cases, though the value of the longer intervals 
with the disconnected words is probably to be found in the 
more complete apprehension of the individual words rather 
than of their connection with each other. 


V. 


In the experiments made by Mr. Herrington in 1903-4, with 
the aid of the apparatus described in Section III, only one kind 
of material was used, namely, nonsense syllables. In this case 
a greater degree of precision with regard to the intervals is 
possible; and the schedule of experiments was arranged to 
make use of this advantage so as to ascertain the effect of 
changes in all the elementary time variables. It was, there- 
fore, partly a study of the elementary factors of technique and 
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partly a study of the psychological problems involved. The 
experiments of Sanders were addressed to the ear, these to the 
eye; and the subjects were tested singly, not en masse as be- 
fore. 
The elementary time variables are the duration of exposure 
of the syllable, the intervals between syllables (that is, the 
time from the beginning of onesyllable to the beginning of the 
next), and the rest, or interval from the end of one complete 
reading of a series to the beginning of the next reading. As 
the vacant interval from one exposure to the next is the com- 
plement of the exposure with respect to the whole interval, it 
will not need separate treatment. 

Mr. Herrington’s work comprises thus three sets of experi- 
ments, one for each of the time variables, with records from 
three subjects in each case. Twelve syllable series were used 
throughout. Each was read four times under conditions re- 
quired by the problem, immediately after which, within a 
specified time, the subject was required to write down as many 
syllables as he could. Forty-eight series were studied, that is, 
read silently by each person at each rate. Each day he was 
given twelve series to learn. These were distributed equally 
with respect to the different rates and taken in such an order 


as to compensate as far as possible for practice and fatigue, so 
as to permit at the end a safe comparison of the records under 
the different conditions. 

The first set of records concerns the value of variations in 
the time of exposure, or visibility, of the syllable, when the 


total interval from syllable to syllable remains constant. The 
exposure was reduced till it seemed barely possible, without 
practice, to read a series correctly. This exposure was 4I¢. 
The exposure was then increased by doubling so that the dura- 
tion makes a geometrical series, all but the last, which was 
erroneously made a little too small for this purpose. The total 
constant interval from syllable to syllable was 7680. By sub- 
tracting from this the different exposure times, the length of 
the vacant intervals from the end of one exposure to the next 
may be obtained. The following table gives the average num- 
ber of errors of all kinds, per series, together with the probable 


TABLE III. 


Exposure. 820 164¢ 3180 


j.L. M. 
G. A. H. 
J. 


13-6 & .25 
10.7 «23 
10.7 .33 


12.8 + .34 
Io.1 + .03 
.23 


13.7 .03 
10.7 + .32 
10.5 + 


10.8 + .35 
10.7 .22 


Average. 


11.66 


II .03 


11.63 


11.53 


if 

| | 

| 


224 BERGSTROM : 


errors of the averages, the latter being calculated from the 
records grouped into six averages of eight each to compensate 
for practice effects. 

It will be seen that the variations in the exposure appear to 
affect the results but little. However, a well marked prefer- 
ence was expressed by the subjects for the exposure of 82¢, 
though the actual results do not indicate any important differ- 
ence in its favor. It was said to be more agreeable and restful 
than the others. It is on account of this preference that this 
exposure is used in the subsequent experiments with other 
variables. The 318¢ exposure was felt to be unnecessarily and 
somewhat disagreeably long and the 41¢ as so inconveniently 
short as to involve a strain. 

The apprehension of a syllable is so nearly purely a preformed 
apperceptive process that the longer duration of the visual 
image seems to affect the result but little. In fact the process 
appears to have a period of its own so that the duration of the 
objective stimulus beyond a certain point is felt to be disagree- 
able. The process of apprehension does not end with the ex- 
posure; for, as will be seen in the next experiment, the length 
of the vacant interval before the next exposure affects the 
results very greatly, but for this the objective stimulus is not 
needed and is likely to be felt as a source of distraction. 

There is still another way, besides through the duration of 
the visual impression, that we might expect that varying ex- 
posure would affect the results, that is by inducing a more or 
less tense attention according as the syllable must be recognized 
in a very short or a relatively long time. That this would 
affect the records favorably or unfavorably, is not impossible. 
Another set of records would, perhaps, give more marked dif- 
ferences than were obtained this time, especially since the sub- 
jects learned so few of the syllables that a difference of a single 
one represents a large fraction of all they learned and the test 
could be made more sensitive either by reducing the number of 
syllables or increasing the number of repetitions. The com- 
ment of one subject on the 3180 exposure suggests another 
possibility, which it would require additional experiments to 
test. He said this exposure was unsatisfactory because it was 
too long for one thought of the syllable and not long enough 
for two. Should the hypothesis implied prove correct, there 
might be several exposures of a certain periodicity that would 
appear agreeable, though it does not seem probable that a 
second or third look would enable the subject to make better 
records than he would make with the same number of purely 
mental repetitions. 

In the second set of experiments the exposure is kept con- 
stant at 820, but the interval from the beginning of one syllable 
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to the beginning of the next is varied. The vacant interval 
from the end of one exposure to the beginning of the next is, 
of course, obtained by subtracting 820 from the total interval 
in each case. The method and programme of work is similar 
to that of the preceding experiment. There are 48 records for 
each average, or a total of 432. The subjects were requested 
not to repeat the syllables more than once, which they did 
silently at the time of exposure, and to make an effort to keep 
the mental processes parallel with the external series given by 
the apparatus, so that the results obtained might not be due to 
conscious utilization of the longer intervals for extra repeti- 
tions. It was with the variable here considered that the 
experiments of Supt. Sanders dealt, though with different 
materials and methods. Below is a table of the average num- 
ber of errors per series. 


TABLE IV. 
Total intervals. 3840 7680 15360 
W. W. C. .27 10.4 + .19 + .34 
9-3 -14 8.7 + .14 6.5 + .13 
U. M. 7.6 £ .19 5-9 + .13 
Average. 10.3 8.9 755 


The effect of increasing the intervals is greatly to decrease 
the number of errors. The short interval is nearly the mini- 
mum for persons without special training, but the indications 
are that an interval longer than any employed would have still 
further reduced the errors. 

In the third set of experiments the rest, or interval, between 
the end of one reading and the beginning of the next reading 
of the series as a whole, is the object of investigation. A pro- 
cedure corresponding with that of the preceding experiments 
is employed. As before, the table gives the average number 
of errors per series, of which there were 48 for each average, 
or a total of 432. The exposure was 82¢, and the interval 
from the beginning of one syllable to the beginning of the 
next was 556¢. The subjects were asked to avoid recalling 
the syllables in the rest period; and two of them employed 
devices like whistling or humming tunes to enable them better 
to conform to the requirement. § 

It is clear that the duration of the rest between readings can, 
also, greatly affect the results. The length either of the inter- 
vals between syllables or of the rests between readings need 
therefore to be regulated carefully in memory experimentation. 

Both longer intervals between syllables and longer rests be- 
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TABLE V. 


Rests. 


3° 


60 seconds. 


M.A. C. 9-3 + .34 8.7 + .19 7.4 + .23 
W.T.S. 9-5 + .27 7-6 + .02 6.7 .03 
M. S. 9-4 + .03 6.9 = .37 4.3: .27 


Average. 


9-4 


7-73 


6.63 


tween readings increase the average time between the recep- 
tion of the impression and the effort to reproduce it. Other 
things being equal, we should expect this to cause an increase 
and not a decrease in the number of errors with the longer 
intervals and rests, since we are disposed to assume that a 
nervous impression begins to fade away soon after it is received, 
in case it is left to itself and not further elaborated and con- 
nected by attention, which accords with many facts both of the 
laboratory and of common experience. If this assumption is 
true, then the advantage of the longer intervals and rests would 
consist not of greater strength from the independent develop- 
ment of the impression, but of greater strength either from 
clearer first impressions, or from more adequate association, or 
from the development of tendencies to recall, or perhaps from 
still other factors, less known, but like these, favored by a 
longer time. While it would still be necessary to recognize 
these factors if this assumption were not true, since they have 
undoubted value; yet, if the assumption is not true, an hy- 
pothesis with regard to the effect of the passage of time upon 
an impression could be framed that might be a partial explana- 
tion of the results. If, for example, the contrary hypothesis 
were plausible, namely, that an association, like an organ of 
the body in its development, grew stronger the older it became, 
then a longer average time between impression and reproduc- 
tion would be of advantage. 

Whether this hypothesis is involved in Jost’s law is uncer- 
tain, since he emphasizes especially the matter of repetition, 
and would explain the value of rests between readings by the 
theory that the repetition of older has a greater value relatively 
than the repetition of younger associations. Such a specific 
value might, of course, be due to continued growth of strength 
of the association with time or to a greater efficacy of the act 
of repetition itself in the case of older associations. ‘The latter 
alternative is more strongly implied by Jost’s phraseology. If 
such a peculiar process should actually exist, it is likely that 
it would be due to a special development in mental evolution. 
Its general effect would be partly to counteract the disadvan- 
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tage of forgetting in the case of the associations which experi- 
ence required us torenew. This might possibly be of sufficient 
practical importance to make the process subject to natural 
selection. However, several other factors, whose efficiency is 
undoubted, need to be taken into account; and such an hy- 
pothesis should not be resorted to till these are exhausted. 

Of allthe errors made by the subjects in the tests for the 
effect of different exposures, 70% were omissions, 26% were 
insertions, and 4% were mistakes of order. These per cents 
vary considerably with the different persons but the distribu- 
tion of errors for each one with the different exposures is about 
the same. 

With varying intervals between syllables, the per cents of 
the different kinds of errors are 79.66, 17.33, and 3; and we note 
here, too, wide individual differences. But there is, in addi- 
tion, an important difference in the distribution of errors with 
the different rates, as will be seen in the following table. 


TABLE VI. 


Intervals. Omissions. Insertions. (Mistakes of order. 
3840 39-8 36.1 


7680 24.5 32.2 30-3 
15360 26.6 31-7 48.6 


The distribution of the mistakes of order, which, however, 
are only 3% of the whole and so do not greatly affect the gen- 
eral average, varies inversely as that of the omissions. This 
is true of all three subjects. The distribution of the insertions 
is not so definite. 

It appears, then, that the longer intervals serve especially to 
enable the subject to fix in mind a larger number of syllables 
but that the place and connection of the syllables grows less 
distinct with the longerintervals. We should not have such a 
result if Jost’s law were true of all kinds of associations, includ- 
ing those determining the order; and another hypothesis would 
fit the facts of the above experiment better, namely, that the 
longer intervals, through keener attention and longer time for 
association, permit a better associative apprehension of the 
syllables. Even if definite mnemonic words are not suggested, 
bits of words, familiar letter sequences, or other forms of more 
or less conscious incorporation with existing neural paths may 
be brought into action if there is timeenough. If this hypothe- 
sis is true, the explanation of the value of the intervals with 
the nonsense syllables would be similar to that given for asso- 
ciable and particularly dyssociable words. 
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In the experiments with rests between readings the distri- 
bution of errors is, omissions 79.3%, insertions 17%, and mis- 
takes of order 3.7%. The two subjects (W. T. S. and M. S.) 
who show the most marked effects from lengthening rests show 
also an inverse relation between omissions and insertions, corre- 
sponding in degree with that noted above. The third subject 
(M. A. C.) had only one per cent. of mistakes of order. His 
method of memorizing seemed to be to form a visual image of 
the whole series and he appears to have forgotten both the 
syllables and their order at about the same rate. 


VI. 


The relation of these experiments to those of others has 
already been considered in Sections II and ITI, as far as appara- 
tus and technique are concerned; but there remains the task of 
discussing briefly also the place of the problems and results. 
The possibility of such investigations is suggested in the orderly 
procedure employed by Ebbinghaus; moreover, he made the 
following observations, which have been the starting point for 
several other investigations in this field. In a series of experi- 
ments he learned 12 syllable series on one day and then re- 
learned the same series on the three succeeding days. The 
average number of readings required for an errorless repetition 
was 17.5 the first day; 12, the second; 8.5, the third; and 5, 
the fourth. In another experiment he continued reading and 
repeating 12 syllable series longer than was necessary for the 
first errorless repetition, in fact till he reached a number about 
four times as great, that is, a total of 68. On relearning the 
series after 24 hours, he found that he, nevertheless, needed 7 
readings. On comparing the two facts it is found that the 
final relearning in the first case was preceded by 38 readings 
and repetitions, distributed over three days; in the second, by 
68 taken all on the day before. This appears to be the first 
observation on the value of rests between readings of series of 
syllables. 

On the value of intervals between syllables, the first obser- 
vation published seems to be that by Miss T. L. Smith in her 
study of ‘‘Muscular Memory,’’ though perhaps intervals be- 
tween readings as well as syllables are included. In these ex- 
periments ten syllable series were exposed to view for twenty 
seconds for the subject to study, immediately after which he 
was given 70 seconds to record what he could recollect. The 
subjects were at liberty to read at whatever rate they pleased 
and they selected quite different rates, one reading the series 
through once or twice, another four or five times, the rest being 
between these extremes. The subjects that read most slowly 
were found to have made the best records. } This might be due 
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to personal differences in retentiveness, though there is consid- 
erable probability that the difference in rate contributed largely 
to the result. 

With regard to the effect of variations in the exposure of 
syllables, the apparatus so far employed by others has not per- 
mitted accurate experimentation, since changes in exposure 
have also involved some other variables as well. 

On other aspects of the problem considerable material has 
accumulated. Attempts have especially been made to study 
the related question of economy iu memorizing. Thus, Eb- 
binghaus reports experiments in which he memorized stanzas 
of Schiller’s translation of the Aineid at the rate of 200, 150, 
120, and 100 iambics per minute, and found he learned the 
same number of lines in 138, 148, 160 and 180 seconds, re- 
spectively, which shows that the amount of time required was 
inversely as the speed. On relearning these lines, presumably 
at a single rate, twenty-four hourslater, he found that go, 89, 96, 
and 99 seconds were required, which shows with regard to the 
permanence a slight difference in favor of the more rapid rates. 
The question of economy would, of course, also require the 
consideration of the degree of exhaustion produced by the dif- 
ferent rates; and from this point of view the more rapid rates 
might not be preferable. It will be observed that a greater 
number of repetitions is required with the rapid than with the 
slow rates to accomplish the same result. Wherefore we may 
infer a general correspondence with the results reported in this 
paper, since repetitions at a slower rate have greater value. 
However, there may be a still more intimate correspondence 
with the results for the acquisition of easily associable material 
discussed in Section IV. The intervals from the beginning of 
one to the beginning of the next iambic were .3, .4, .5, and .6 
seconds respectively for the different rates. The number of 
repetitions of the lines at the respective rates is therefore pro- 
portionate to 46, 37, 32, and 30. If we assume that, when 
the lines are learned, that they are learned to the same extent 
with each rate, then the associative value that must be assigned 
to each interval is nearly proportional to the logarithm of the 
interval, the products of the number of repetitions and the 
logarithms of the intervals being proportional to 219, 224, 224, 
and 233. ‘This fact suggests a correspondence with the law 
stated in Section IV, that the rate of acquisition varies as the 
logarithm of the intervals between the items of easily associable 
material, and thus extends its application to other material and 
at the same time makes it somewhat probable that it is true 
not simply for one single repetition, as in the experiments of 
Table IV, but also of a considerable number of repetitions, as 
in these experiments of Ebbinghaus. 
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The experiments of Jost deal with the value of the distribu- 
tions of readings and repetitions in memorizing, the problem 
proposed by the early observations of Ebbinghaus, which Jost’s 
results in part serve to confirm and in part to extend. He 
makes use of two methods, at first the complete memorizing, 
then the right associates method, and finally the two in con- 
junction, thus obtaining records whose difference makes the 
point of chief interest in the paper. By the complete memo- 
rizing method he finds with two subjects that ten readings of 
nonsense syllable series on each of three successive days makes 
the memorizing of the series on the fourth day easier than do 
thirty readings on the day immediately preceding, though the 
difference is small. (By the right associates method he finds 
with two subjects, when twenty-four repetitions are distributed 
equally on 3, 6and 12 days respectively, that the most extended 
distribution, that of two repetitions a day, gives the best re- 
sults. He formulates and would explain his own results, and 
the corresponding results of Ebbinghaus as well, by the law 
that the repetition of an old has relatively a greater effect than 
the repetition of a young association. The possibility of ap- 
plying Jost’s formula in the case of our results has already 
been considered in section V. 

With the complete memorizing method in the study of these 
and many other problems a repetition of old associations is in- 
volved in the final test, which is not the case with the method 
of right associates, for here the subject is merely called upon to 
reproduce associates. If both methods are employed together 
to test memory for series learned a longer or shorter time ago, 
the complete memorizing should, according to the law, give 
relatively better records with the older series, an hypothesis 
which experimental results from two subjects verify. The dif- 
ference in the results by the two methods could be explained 
by Jost’s law, but also by the hypothesis that it was due, not 
to the greater value of repetitions of old associations, but rather 
to a more rapid decrease of the voluntary revivability of the 
syllables, which is the thing tested by the method of right as- 
sociates, than of retentiveness. It is a matter of common ex- 
perience that the ability to revive, or recall, disappears quickly 
and long before other evidences of some degree of retention, 
such as the ability to recognize the object if it is brought up in 
some other way; and Miller and Pilzecker have shown that, 
when the same number of right associates are recalled in the 
case of older and more recently learned series, a longer time is 
required with the older, indicating greater difficulty. One 
other thing should benoted. Jost deals only with rests between 
readings of series; but the effect of longer intervals between 
syllables seems to be the same as that of longer rests. If the 
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effect is due to the greater elaboration of the same process in 
both cases, which is not certain, but seems probable, then we 
have in experiments of SectionIV such favorable results as 
Jost believed to be due to the repetition of old associations in 
a case which involves no repetition of old associations, but 
merely a longer time for assimilation. 

The part of the work of Lottie Steffens which especially con- 
cerns our problems consists of some experiments on the effect 
of different distributions of six readings within the same period 
of time. The series were read from a drum, which revolved 
12 times in 78 seconds. The most expanded distribution of 
the series was obtained by reading them every other revolution 
of the drum ; the next grade, by having three readings, then 
an interval of three revolutions, then three readings and again 
an interval of three revolutions; the last grade, by having all 
six readings at first, then an interval of six revolutions. It 
will be observed that the readings, except in the first case, are 
more or less massed, which leads Miss Steffens to introduce the 
following explanation of the better results she obtains with 
the more widely distributed order. In proportion as the read- 
ings are massed, the strength of the associations for the time 
being is greater; but the stronger the associations the greater 
is the absolute loss of strength by the time the series in these 
experiments were to be completely memorized. Since, accord- 
ing to Ebbinghaus, the loss is proportional to the number of 
readings, the resultant of massing six readings at the begin- 
ning is to make the foundation for the complete memorizing of 
the series not so strong as in the other cases. This explana- 
tion would apply with such an arrangement of readings as is 
employed by Miss Steffens, that is, with the massed readings 
placed at the beginning of the period; but it would not apply 
when the massed readings are placed at the end, as in the case 
of the experiments of Ebbinghaus and Jost, in which, never- 
theless, the expanded distribution proved more advantageous. 
If, on the other hand, the loss of strength were relatively 
greater to a sufficient extent with the massed than the dis- 
tributed readings, this type of explanation might be gener- 
ally valid; but of this there is no certain evidence, since in 
experiments which might give information on this point there 
is always the very probable alternative, as an explanation of 
the differences observed in favor of the distributed readings, 
that the later numbers of massed readings do not have so great 
a value as the earlier. 

Ogden deals directly with the problems under consideration. 
His work comprises six parts, the first four dealing with mem- 
orizing nonsense syllables, the last two with memorizing 
poetry. The apparatus employed was similar to that of Miiller 


{ 
q 
t 
i 
| 
ti 
at 


232 BERGSTROM : 


and Schumann, the syllables being presented back of an aper- 
ture by a kymograph drum. The different rates were obtained 
by changing the rate of rotation of the drum and in experiments 
with constant intervals between readings, partly by spacing the 
syllables. Observations on varying exposure and rests between 
readings were inconclusive, 2s other variables entered in. The 
chief groups of experiments deal with the effect of varying the 
interval between syllables. In the first group, the time from 
syllable to syllable varied from 2.6 to .g seconds; in the second, 
from 1.026 to .325, each in five successive steps. The expo- 
sure varied simultaneously in both sets from .705 to .289 seconds, 
the rests between readings remaining constant at 2.8. Of these 
two variables, that which affects the result the most is proba- 
bly the rate of succession. To ascertain the effect of the dif- 
ferent rates upon the permanence of the impressions as well as 
upon learning in the first instance, the series were relearned, 
usually after fourteen days; a difference in this respect was, 
however, not clearly demonstrable. The most general result 
is that with the quicker rates more readings are required but 
not so many but that the series may be learned in less time 
than with the slower. Thus subject K required from 12 to 20 
and from 7 to 15 readings, respectively, in two experiments in 
which the intervals varied from 2.6 to .g; and from 13 to 33, 
respectively, when the rate varied from 1.026 to .325. How- 
ever, the total time required shortened from 394 to 263 and 
from 222 to 200 and from 214 to 213. 

Ephrussi’s investigations fall into two divisions, the first 
dealing with learning by whole or part, the second with the 
effect of variation in the rateof memorizing. Ebbinghaus’ ex- 
periments upon the effect of varying the rate of learning verses 
of Schiller’s translation of the A®neid is repeated with three 
subjects and with results that agree roughly with his. How- 
ever, the most interesting fact brought out by Ephrussi’s 
work is what he calls the paradoxical result, namely, that the 
right associates method gives the best records with the slowest 
rate, while the complete memorizing method does the reverse, 
in tests with nonsense syllables. Series of syllables were read 
at different rates for a given period. at the end of which some 
were memorized and some were tested by the method of right 
associates. It is in this experiment that the paradoxical re- 
sult appears, for the series are memorized more easily but give 
less right associates after the rapid readings. The chief reason 
assigned is one he verifies experimentally, namely, that the de- 
crease of the number of right associates takes place more 
quickly after the rapid than the slow readings. ‘The complete 
memorizing is done by continuing the readings of the prepara- 
tory period, while an interval of five minutes occurs before the 
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test for the right associates, which would permit the more 
rapid reduction succeeding the quicker rate to produce the 
paradoxical result. The difference in results with these two 
methods by both Ephrussi and Jost gives a glimpse of a greater 
complexity and independence of processes than might at first 
be supposed to exist. 

Ephrussi employed the kymograph apparatus of Miller and 
Schumann, but in the more recent experiments of Reuther at 
Leipzig a new type of apparatus, that developed by Randsburg 
and Wirth is brought into use. As was stated in the discussion 
of apparatus, the syllable is presented in this not by a continu- 
ous but by a step-wise motion of the disc or drum, resembling 
that used in our experiments, except that it does not have 
means for the independent variation of the exposure and the 
rests between readings. Thus, in his experiments upon ‘‘ the 
amount retained as a function of the duration of exposure,’’ 
he does not refer to a study of the effect of varying the expo- 
sure of a syllable while the interval between syllables remains 
constant, as in our experiments. This experiment of his cor- 
responds rather with our experiment upon the effect of differ- 
ent intervals between syllables. For his items are written on 
every other sector of the Wirth apparatus, which moves for- 
ward uniformly a sector ata time. By exposure he means the 
time a sector bearing a number is present back of the aper- 
ture. This is followed by an empty sector, which remains the 
same length of time, to be in turn succeeded by another num- 
ber, his ‘‘Exfositionsdauer’’ being thus equivalent to one-half 
of the interval between the numbers. He thus has two vari- 
ables, of which the total interval between the numbers is doubt- 
less the more important. His experiment does not wholly 
correspond with ours, since in ours the exposure is kept con- 
stant. The total intervals employed by Reuther were from one- 
half to three seconds in length, with five intermediates between 
the extremes. Two of his three subjects show that the length- 
ening of the interval is advantageous; with the third, the 
effect is not so definite as he has at first better then poorer 
records, with the optimum at one second. 

The memory material and the methods must be kept in 
mind in comparing these results with others. The items were 
four place numbers, which were read one or more times and 
then shown to the subject again with the requirement that he 
should indicate which ones he recognized as having seen before. 
The intervals between reading and opportunity for recognition 
was in this case five minutes. 

With similar materials and methods, Reuther also made ex- 
periments with two subjects upon the rest period between 
readings, which corresponds with the last of our experiments. 
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The rests he employed were 4 seconds and 1, 2, and § minutes. 
There is a slight indication that there is a critical period up to 
which the rests are increasingly beneficial and beyond which 
this advantage diminishes. Such a critical point has not been 
observed in other experiments, though rests have been made 
very long, as in the case of Jost’s experiment in which 24 read- 
ings were distributed over 12 days and the widest distribution, 
that of two a day, found to be the best. 


VII. 


Even with the simplification introduced by experimental 
conditions, the problem is evidently complex; and it is desira- 
ble, as far as we can do so, to attempt to ascertain the relative 
scope of the different factors involved. As to what they are, as 
the historical survey shows, several theories have been pro- 
posed, usually to account for certain experimental results, and 
so often not adequate for all. If true, they cannot all be com- 
plete but will rather be supplementary. The different factors 
suggested by these theories and by other possible explanations 
may be classified into four groups; first, conditions aiding or 
obstructing the reception and association of the impression; 
which we will call the apperceptive factor; second, changes and 
relative variations in retention; third, modifications in the re- 
calling of impressions; fourth, general conditions, such as 
fatigue or a general organizing activity. 

As has been stated with some detail in Sections IV and V, it 
is the first of these factors, the apperceptive, that seems espe- 
cially concerned in the production of the results here represented. 
The material which consisted of simple letters, nonsense sylla- 
bles, dissociable and associable words, makes a series of in- 
creasing apperceptive complexity. The relative ease with 
which these can be memorized and the effect of the varying 
intervals seems to be proportional to the amount of appercep- 
tive apprehension of the material and its connections. Even in 
the case of the letters and nonsense syllables, some evidence 
was given that the advantage of longer intervals was due to 
associative processes. While general vigor and fatigue may 
make the neural disposition more or less strong, they certainly 
in large part bring about the results they do have by extending 
or restricting apperceptive processes. The persistence of an 
impression, or its tendency to maintain itself in consciousness 
for a time, is also a more or less automatic activity that must 
be taken into account, as must also the supplementary volun- 
tary attention to the impression. One effect of both of these 
processes is to vary the degree of apperception. Whether 
there is any further effect, as far as memory is concerned, can 
probably neither be asserted nor denied, at present. 
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That marked changes in the retention of an impression occur 
as the interval between its reception and reproduction increases, 
is well known, the most general feature being represented by 
Ebbinghaus law of inverse logarithmic decrease of strength. 
As has already been stated, Jost, Steffens, and Ephrussi would 
explain some results in this field by making certain hypotheses 
as to changes in retention. Some objections to the application 
of Jost’s law to our results have already been stated; but it 
may very well be required that the explanation preferred should 
be tested by his results upon the effect of different distribu- 
tions of readings, as well as by our own. The same may be 
said of the theory of Steffens. The underlying premise of both 
these explanations, that readings or repetitions, whatever their 
number, up toa certain limit, which in their experiments need 
not exceed the number necessary for the first perfect repetition, 
have an equal, or nearly equal, value, is, as far as they have 
been tested, the least certain of the original results of Ebbing- 
haus. Each reading may, in fact, have a decidedly greater 
value, if it is well spaced off from others, than if it is one of a 
considerable number made in immediate succession, primarily 
because a higher degree of assimilation could take place each 
time. The interpretation of the results presented in this paper 
would imply that this is the fact. 

On the other hand, that changes in retention or recall are 
the cause of the differences in the results obtained by Jost and 
Ephrussi in the simultaneous use of the complete memorizing 
and right associates methods described in Section IV seems 
probable. At least, these differences develop with the length- 
ening of the time between the impression and its reproduction; 
and in the case of the results of Jost, if his hypothesis of the 
relatively greater value of the repetition of old than young 
associations be regarded as improbable, the effect should per- 
haps rather be ascribed, as was suggested, to a modification of 
reproduction than retention. With regard to the observation 
of Ephrussi that the right associates decreased more rapidly 
with time if the series were read at a rapid rate, a plausible 
explanation would connect this also with changes in retention 
or recall, namely, that a qualitative difference was produced 
by slow and fast rates, so that in the first case there was more 
of an incorporation with old and permanent associations while 
in the second it was more a matter of immediate sense memory, 
which would disappear much more rapidly. While the results 
observed would be primarily due to differences in the degree of 
apperception, the immediate cause would be the relative differ- 
ence in the retention, or rate of forgetting. However, what 
the effects of different rates upon retention may be, is not 
wholly clear, for the few results of other investigators are not 
conclusive regarding this point. 
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The influence of possible modifications in the process of re- 
call have apparently not been considered in the various theories 
regarding the effect of rate in memorizing. As has been sug- 
gested, such a modification may account for certain results. 

In still another way the reproducing processes may play a 
part. Miss Smith has shown that repressing or executing the 
verbal or manual expression of the ideas to be memorized will 
— a difference of 15 to 20% in favor of the expression. 

his expression, which may be regarded as the first recall or 
reproduction, comes last in reading; and may, with rapid rates, 
be partly repressed, leaving the reproducing tendencies unde- 
veloped and having an effect comparable with that found by 
Miss Smith with voluntary repression. Definite observations 
as to the influence of this factor have not been made, and it is 
proposed merely as one possibly present in varying degrees with 
the rapid rates, and serving not merely to create a disposition 
to recall, but also to keep the idea present for more complete 
apperception. 

With regard to the theory of the existence of a more or less 
unconscious organizing process continuing some time after the 
impression has been received and necessary for its permanence 
and revivability, our results afford some evidence. Our sub- 
jects were requested to read the syllables when presented, but 
to avoid voluntarily recalling them, however much time might 
be at their disposal for so doing. In experiments of Table V 
two subjects employed devices to distract the attention during 
the periods of rest. The fact that the influence of longer inter- 
vals and rests is, nevertheless, very marked, makes it somewhat 
probable that the processes involved, except in their inception, 
are automatic. With regard to their continuance and depend- 
ence upon attention, we must note that the rapid displacement 
of one impression by the next interferes greatly with memo- 
rizing ; the organization would, therefore, seem to take place 
chiefly, perhaps wholly, while nothing else in the shape of a 
definite impression was before the mind, though there can be 
general distraction. The variation of the results throughout 
with the degree of possible apperception suggests that it is this 
mode of organization that is taking place. The mode of organ- 
ization might, of course, be of a wholly different character, 
perhaps not associative at all, but rather like the setting of 
cement or the adaptation of a plant to a certain curvature, 
which would also vary with the time allotted. But, however 
much such figures may be used in regard to the operations of 
memory, no definite evidence has yet been presented that such 
processes take place. 

That fatigue, in its triple character of auto-intoxication and 
reduced cell energy and nervous tension, may greatly affect 
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memorizing ability is certain; and it has probably more gen- 
erally than anything else been supposed to be the explanation 
of the difference in value of the massed and widely distributed 
readings. It is necessary to distinguish from fatigue obstruc- 
tions resulting from the limits of the memory span, from the 
persistence of impressions or the interference of associations, 
or from adaptation, or from other normal processes of the 
mind. When this is done, the explanatory value of fatigue 
will be found to be quite limited. In these experiments the 
effects of general fatigue were counteracted, as far as the aver- 
ages are concerned, by the programme of work; and that it 
should seriously enter into the results of a single record, does 
not seem probable, especially since other clearly efficient factors 
are in evidence. 

In so far as these experiments bring us into a closer view of 
the general, practical problems involved, they serve especially 
to emphasize the predominant importance of apperception in 
memorizing and the value of sufficient time for its development. 

The number and intensity, and so permanence and reviva- 
bility, of the associations formed may be regarded as a quan- 
tity; and a solution of the problem of time economy in mem- 
orizing may be attempted with the aid of the formula for the 
rate of acquisition, proposed in Section IV, and from other 
data. The general statement of the problem will be, through 
what means can the greatest amount of apperception of mate- 
rial take place in a given time; though only the effect of a 
greater or less number of repetitions will be considered. The 
amount of apperception is a function of the interval between 
items and also of the number of repetitions; and if it varied 
directly and equally with each, there would be compensation 
so that the result of any practicable number of repetitions in a 
given time would be the same as that of any other, since the 
intervals and repetitions vary inversely. Asa matter of fact, 
apperception appears to vary as the logarithm of the interval; 
and, if we assume that it continues to vary at the same time in 
simple ratio with the repetitions, it will be greater in amount 
the more numerous the repetitions, within certain limits. If 
n, 3, # represent the number of repetitions in a given time, t, 
2t, 3t will be the corresponding intervals, and the amounts of 
apperception will be proportionate to n (log. t), # (log. 2t), 
and # (log. 3t) etc., quantities which decrease rapidly at first 
then more slowly. 

It is conceivable that the value of successful repetitions 
would so change as to compensate more or less for the rela- 
tively greater effect of the shorter intervals, but there is no evi- 
dence that this occurs completely, but rather evidence to the 
contrary, as has been indicated in the review of the investiga- 
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tions dealing with this problem; so that on the whole it is prob- 
ably possible to memorize more quickly with the more rapid 
repetitions. 

Nevertheless, there is great difference in the relative value 
of repetitions and intervals with different kinds of materials 
and also with different types of memory, so that a high degree 
of uniformity in this respect cannot be expected. 
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THE INITIAL TENDENCY IN IDEAL REVIVAL. 
By ARNOLD, PH. D. 


The question concerning the direction in which the tendency 
towards reproduction in memory realizes itself, has received 
rather scant attention, the general opinion being that memory 
runs in a forward and not in a backward direction. This idea 
of serial revival is, moreover, closely connected with an atom- 
istic conception of consciousness, which conception has greatly 
influenced discussion and experiment in this connection. Now 
the atomistic conception of consciousness, that, because ideas 
are revived in a series, therefore, they exist serially in con- 
sciousness, has greatly influenced the various points of view 
when the question of the direction of revival in memory has 
been in question. I have collected a number of data with the 
sole purpose of determining this order of revival, and have 
attempted to infer certain conditions which, it seems to me, 
must exist, if the kind of revival occurring is to be explained. 
Before, however, presenting my small contribution in this con- 
nection, I have thought it advisable to present the atomistic 
views so ably given by Hartley and Herbart (two mountain 
peaks among early psychologists), and also the more modern 
work done by Ebbinghaus, Miiller and Schumann and Miiller 
and Pilzecker, on the problem of the ‘initiale Reproductionsten- 
denz.’ 


Though Hartley may be considered as the founder of Eng- 
lish associationist psychology, and somewhat ‘out of date,’ still 
in certain parts of his remarkable work, he offers us the closest 
kind of psychological analysis. His cerebrai explanations are 
somewhat old-fashioned and impossible from a purely physio- 
logical point of view, and one who reads his Odservations may 
tend to the belief that the psychological analyses are equally 
infirm and old. As far as I am concerned with Hartley at 
present, I shall only give his reasons for the existence of a 
forward and not a backward revival in memory. 

As every one knows, Hartley tries to explain all manner of 
mental connection, development and growth, by association. 
In any serial revival this same principle is called in to show 


| 


240 ARNOLD : 


why the direction is always forward, the explanation being 
given in cerebral terms. Any series of impressions 


will give rise to the succession of ideas. 


and in the same order. For, ‘‘the successive impressions of A 
and & sufficiently repeated, will so alter the medullary sub- 
stance, as that when 4 is impressed alone, its latter part shall 
not be such as the sole impression of 4 requires, but lean 
towards #, and end in Jat last. But A will not excite aina 
retrograde manner, since, by supposition, the latter part of B 
was not modified and altered by 4, but by some other vibra- 
tion, such as Cor D. And as B, by being followed by C, may 
at last raise c, so 6, when raised by 4, in the method here pro- 
posed, may be also sufficient to raisec. . . . It seems also, 
that the influence of 4 may, in some degree, reach through B 
to C; sothat 4 of itself may have some effect to raise c, as well 
as by means of 6. However, it is evident that this chain must 
break off, at last, in long successions, and that sooner or later, 
according to the number and vigor of the repeated impres- 
sions.’’? This is a cerebral explanation of forward succession, 
and has in it the implication of the doctrine of relativity. It 
also presents for the first time the question of ‘mediate’ asso- 
ciation. 

A similar conclusion concerning the direction of mental re- 
vival is reached by Herbart. In any series of ideas, 


etc. 


as a is followed by 4 it is closer to 4 than to ¢ which forces 6 
below the threshold of consciousness, as 4 forces a below. And 
so on with the rest of the series. Graphically represented, 
when d is in consciousness, the other ideas are in the following 
position, their position from one another indicating the close- 
ness of the connection : 


1 Observations on Man, I, 69. 
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When, by removal of the pressure from other ideas, or because 
of reinforcement, a has once more a chance to emerge, it does 
so in the manner represented below, dragging with it in order, 
those most closely connected with it : 


\ 


\ 
\ 


\ 
d 


‘But the series never runs backward.’’’ The order of succes- 
sion followed in presentation is preserved in revival. 

It is evident that with this atomistic conception of conscious- 
ness, no other view of revival is possible. Given a series of 
ideas, a, 6, c, d, etc. 4 follows a, ¢ follows 6, andsoon. Any 
initial tendency is impossible. How on earth could any con- 
nection from d back to a be possible without a hop, skip 
and jump which even Herbart’s Mechantk could hardly stand. 
In such a series, d must be followed by e if there is to be order 
and harmony in our mental universe. At least, so say these 
psychologists. I do not, at present, wish to stand for any 
special kind of revival. But it seems to me that this serial re- 
vival has led to a wrong conception of the present moment of 
consciousness. The revival of our ideas in serial order does 
not necessitate our consciousness being a filled cabinet, out of 
which the ideas drop, one by one, any more than the spinning 
of the threads by a spider presupposes two spools of silk rolled 
up in the spinnerets. I shall return to this point after I have 
presented my data in Part II. 

Ebbinghaus pursues a different method in his investigation 
of memory, in the course of which he touches upon the direc- 
tion of mental succession in ideal revival. While Ebbinghaus 
does not establish the existence of an actual succession in a 
backward direction, still he tries to show that there is a con- 
nection between two syllables learned which facilitates the 
process of remembering when the same series is learned in the 
reverse order. Thus, after having learned a series in the order, 


more time was saved when learning the series in the order, 


1 Text-book, p. 23 (tr. by M. K. Smith). 
JouRNAL—6 
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than when learned in a mixed order, thus: 


Since, in the second series 12.4% was saved in the time re- 
quired for learning the series, while only 5% was saved in 
the time for learning the third series, Ebbinghaus concludes 
‘that in the learning of a series, certain connections between 
the members is formed in a backward as well as in a forward 
direction.’’ * 

Against this, Miiller and Schumann give with approval the 
criticism of Miinsterberg to the effect that when we learn a 
series of syllables, the visual field is not restricted to a single 
syllable, and unconsciously, in glancing at the syllables, we 
form such backward associations as will account for the differ- 
ence in the saving of time given by Ebbinghaus. Miiller and 
Schumann avoided this difficulty by presenting the syllables in 
isolation, thus minimizing the visual concomitance. They 
come, however, to a similar conclusion. The syllables were 
learned in trochaic measure. The above mentioned investiga- 
tors found that, of two syllables belonging to the same foot, 
the second one tended to revive the first. They also concluded 
that in such cases we may explain the direction of succession 
not only as a backward one, but also as a tendency to revive 
the whole complex in its original serial order.* This gives us 
the first indication of any ‘initial’ tendency in ideal revival. 

Now it is evident that with a trochaic measure, the question 
is still undecided as to whether such revival is backward or 
initial. In another series of experiments, Miiller and Pilzecker 
presented evidence in favor of the latter tendency. Instead of 
using a trochaic beat, they used the anapestic foot. With three 
syllables, revival of the second upon presentation of the third, 
would help fasten the belief in a backward association, while 
revival of the first would increase our belief in an initial tend- 
ency in mental reproduction. The results of their experiments 
were in favor of the initial tendency.‘ 


II. 


In the series of tests given by the above mentioned investi- 
gators on the question of the initial tendency in serial revival, 
it seems to me conditions are, in this special case, somewhat 
artificial. In the first place, we do not, in the natural order of 
events, speak in nonsense syllables, with the accent on each 


1 Ueber das Gedachtinis, § 40. 
2 Zeit. 6: 163. 
Jbid., 

‘ [bid., Band, I, Ch. VI. 
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odd or third one. Again, any possible connection and devel- 
opment of the serial meaning in each member is reduced almost 
to a minimum, and there remains in the series the tendency of 
the members to exist as discrete and separate units. Of course 
any rhythm or body attitude taken towards each member in the 
series would tend to give them a serial unity, and thus would 
tend to give them serial meaning in greater or less degree. 
Finally, it is rather difficult to obtain a pure series of syllables, 
Zz. €.,a set of syllables without any previous connections. In 
the various connections of syllables, it is possible that a syllable 
which precedes in the artificial series, may have been previously 
associated in the common course of events, as a succeeding 
syllable. It is necessary to have nonsense syllables if we use 
them as did Ebbinghaus and the others for the purpose of de- 
termining gain of time, etc., when learning them in different 
orders. But I think it hardly necessary to use nonsense sylla- 
bles to determine whether the memory runs in a forward ora 
backward direction, or whether there exists an initial tendency 
or not. I may, of course, be wrong, but I think that if we 
wish to find out how a person remembers, we need but simply 
give him a cue, and see what comes into his mind after such 
cue, restrictions being placed as to the topic remembered. The 
natural order of mental succession can then be noted. Care, 
however, must be taken to get the very first ideas arising upon 
presentation of the cue, and precautions must also be taken to 
deal only with what is thoroughly known and is easy of recall. 
Where there is a halting process, I venture to suggest that this 
is not memory proper, but a species of perception mixed with 
memory. When a person has to struggle to get the next word 
in a series, each word, as it is dragged out, acts as a new stim- 
ulus, as an actual impression influencing further revival. In 
pure memory, the process ought to go off upon presentation of 
the stimulus alone. It ought to be more or less automatic. 

In collecting the data to determine the presence or absence 
of an initial tendency, I tested a class of boys in the sixth year 
(second half), about forty in number, averaging 12 years 5 
months, the ages varying from 1o years 5 months to 15 years 
5 months. ‘The selection which I used was a poem which they 
had already memorized for regular recitation purposes, and 
which they ‘knew’ fluently. In the first five tests given below, 
I selected parts of this poem, no emphasis being placed upon 
the rhythm, the natural rhythm alone operating. The boys 
did not know the object of the test. I emphasized the follow- 
ing points before beginning: Upon my calling out a word, they 
were to write down the very first words of the part chosen 
which came into their minds. I dwelt upon this point, and 
also the fact that everything they put down was correct, so 
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long as it was the first thing which arose, and so long as it be- 
longed to the part of the selection chosen for the purposes of 
the test. In the first test I asked them to write down the first 
word, but in all those following, they wrote down the first 
three or four words arising upon presentation of the cue. 

Before giving my results, it may be advisable distinctly to 
state the meaning of the terms used and their abbreviation. 
F= fromward tendency, 7. ¢., one going straight ahead upon 
presentation of the cue. For example, in the lines, 

“The blessed damozel leaned out 
From the gold bar of Heaven.” 

when given the cue, ‘the,’ I recalled ‘the gold bar of Heaven,’ 
such revival being /romward the cue, and in a forward direc- 
tion. On the other hand, given the cue, ‘leaned,’ I recalled 
at once the series ‘The blessed damozel leaned out.’ This lat- 
ter revival illustrates the zzztial tendency, which also goes in a 
forward direction and is designated by I. Both tendencies are 
in a forward direction, though the one is fromward, the other 
initial. When, in the tests given, no words were recalled, or 
where there was a halt due to sudden disturbance caused by 
the stimulus, or inability to recall, I have put the result under 
Bor blank. In each result, I have stated the date when given, 
the part of the memory piece selected, the list of cues pre- 
sented, the number of boys acting as subjects, and the number 
of cases, the last being distributed under the headings I, F, 
and B as above explained. Where a boy took up the cue and 
proceeded straight ahead, I have counted the case in the from- 
ward column, and I have also put in the same column those 
cases in which revival immediately follows the cue, and in 
which there is an apparent ‘skip’ ahead of the cue before re- 
vival occurs. Certain possible objections to my method of 
procedure I shall take up after having presented my results. 


Test I. 
Date. March 20, 1905 (forenoon). 
Part selected. 
“By the flow of the inland river.” 
Cues. flow, inland, river, the. 
Number of boys. 38. 


Cases. SS 
86 | 65 | « | 152 

Test II. 

Date. March 20, 1905 (afternoon). 

Part selected. 


‘‘No more shall the war cry sever, 
Or the winding rivers be red.”’ 
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Cues. sever, winding, rivers, shall. 
Nnmber of boys. 40. 


Cases. IL | F. | B. | total. 
104 | 55 | 160 

Test III. 

Date. March 27, 1905 (afternoon). 

Part selected. 


“By the flow of the inland river, 
Whence the fleets of iron have fled, 
Where the blades of the quiver, 
—s are the ranks of the dead 
er the sod and the dew, 
Waiting the judgment day: 
Under the one, the Blue, 
Under the other, the Gray.’’ 


Cues. fleets, dew, day, flow, under. 
Number of boys. 42. 


128 | 78 | 4 |= 210 
Trust IV. 

Date. April 3, 1905 (afternoon). 

Part selected, same as in test III. 

Cues. of, blades, asleep, under, the, of. 

Number of boys. 40. 

Cases. I. | F. | B. total. 
56 | 182 | 2 | 240 


It is interesting to note that in cues 1 and 6 (of) which are 
the same, a different series was revived for each in the cases of 
25 boys, and that of these 25 boys, 1o differed in that one re- 
vival was fromward, while the other (for the same cue), was 
initial. The other 15 boys revived an entirely different series 
in the two cases for the same cue. 


Txst V. 
Date. April 10 (afternoon). 
Part selected, 


“Sadly, but not with upbraidiug, 
The generous deed was done: 
In the storm of the years that are fading 
No braver battle was won,— 
Under the sod and the dew, 
Waiting the judgment day: 
Under the blossoms, the Blue; 
Under the garlands, the Gray.” 


Cues. in, sod, fading, years, not, under, day, the, under, 
braver. 
Number of boys. 39. 


Cases. q total. 
120 | | 4 | 390 


In this test 14 boys revived, for the same cue (under), a differ- 
ent series in each case, 7. ¢., the same boy for the same cue 
gave a series differing in the second revival upon presentation 
of the cue. 

In the following set of tests, about half the boys were the 
same as those acting as subjects in the preceding experiments. 
The class numbered about forty, was in the seventh year (first 
half), and averaged 12 years 3 months, the ages varying from 
II years o months to 15 years 9 months. Similar explana- 
tions were given as in the above tests. 


Test VI. 
Date. October 16, 1905 (afternoon). 
Part selected. 


‘“‘Whither, ’midst falling dew, 
While glow the heavens with the last steps of day, 
Far, through their rosy depths, dost thou pursue 
Thy solitary way?”’ 
Cues. glow, steps, way, with, the. 
Number of boys. 41. 
64 | 133 | 8 | 205 
The 8 blanks were all caused by the cue ‘way,’ which, it may 
be noted, is the last word in the stanza chosen. These eight 


cases might perhaps be classed under F, since the blank may 
have been caused by a natural inability to proceed onward. 


VII. 
Date. October 24, 1905 (afternoon). 
Part selected. 
“I chatter, chatter, as I flow 
To join the brimming river, 
For men may come cal men may go, 
But I go on for ever.”’ 


Cues. flow, river, men, 1, forever. 
Number of boys. 36. 


Cases. I. . total. 
84 7 | 180 


Similar to the cases in test VI, the seven blanks were caused 
by the cue ‘forever’ which is the last word in the stanza. 


VIII. 
Date. October 25, 1905 (afternoon). 


j 
1 246 ARNOLD: 
| 


THE INITIAL TENDENCY IN IDEAL REVIVAL. 247 
‘Part selected. 
“The quality of mercy is not strain’d, 

It droppeth as the gentle rain from heaven 

Upon the place beneath: it is twice bless’d: 

It blesseth him that gives and him that takes.” 
Cues. quality, it, gentle, blesseth, the. 
Number of boys, 39, 
Cases. I | F. | B. | total. 

19 | 170 | 6 | 195 

The blank cases were caused by the cue ‘the.’ I infer from 
this that lack of revival was due to conflict, to shock due to 
the number of series which have equal right to follow ‘the’ and 
which would strive so to do. 


Test IX. 

Date. October 26, 1905 (forenoon). 

Part selected. 

“We hold these truths to be self-evident, that all men are created 
equal, that they are endowed by their Creator with certain unalien- 
able Rights, that among these are Life, Liberty and the pursuit of 
Happiness.” 

Cues. ¢ruths, created, men, that, these. 


Number of boys. 37. 
Cases. I. | F. | B._|_ total. 
44 | 1441 | oO | 185 


Before analyzing the above results, I think it advisable to 
answer a possible objection which may be raised. Since the 
selections were learned for purposes of class recitation, did not 
the boys therefore tend to recite the answers in the order in 
which they were usually required todo? Since they knew that 
only a certain method of recitation would be accepted, would 
not this influence their mode of reaction? If I wished to in- 
vestigate the fromward tendency, perhaps such objection might 
have some weight. But the fact that a fromward direction is 
usually required in class recitation would operate strongly 
against any initial tendency becoming manifest. For a recita- 
tation proceeds onward, and not with a skip back and then 
ahead. The initial tendency, if shown (as it is), is strongly 
opposed by the artificial conditions imposed. This peculiar 
skip back and then the process ahead (initial tendency forward), 
moreover, cannot be explained by any backward revival. For 
if such were to operate, the intermediate words would have to 
be revived. This point I shall discuss more fully in the fol- 
lowing section. Before, however, proceeding with my analysis 
of the results, I shall distribute the cases in Test VII, and give 
those examples of initial and fromward tendencies which oc- 


curred most frequently. 
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Test VII. Cue. J. 

Cue. flow. I cases, 4. 

I cases. 16. ‘but I go on’ 

‘I chatter chatter as I flow’ F cases. 32. 

‘chatter chatter as I flow’ ‘I chatter chatter’ 

‘as I flow’ ‘chatter chatter as I flow’ 
‘I flow’ ‘I go on forever’ 

F cases. 20. ‘go on forever’ 
‘flow to join the brimming ‘flow to join’ 

river’ 
‘to join the brimming river’ fe gy 

Cue. river. ‘but I go on’ 

I cases. 26. ‘I go on forever’ 
‘to join the brimming river’ ‘go on forever’ 
‘the brimming river B cases. 7. 
‘brimming river 

F cases 10. 


‘river for men may come’ 
‘for men may come’ 
Cue. men. 
I cases. 9. 
‘for men may come’ 
F cases. 27. 
‘men may come’ 
‘may come’ 


It is to be noted that no attention was paid to spelling or 
punctuation. It is also to be noted that the last word in the 
answer of some of the cases (as in the cue forever), is the same 
as the cue of the following test. It is, however, interesting to 
note that of the seven boys that put a blank when the fifth cue 
was called out (forever), five of them had ‘forever’ as the last 
word in their answers to the fourth cue. The answers above 
distributed are those which predominated. In addition were 
cases in which there were words or even whole lines skipped 
in the fromward cases, such skipping being, in the usual atom- 
istic explanations, classed as ‘mediate’ association. Since I 
wish, among other things, to show the fallacy of the atomistic 
conception, I shall, in the following section, try to give a dif- 
ferent explanation. 


III. 


Though our ideas or conscious moments come in serial order, 
this fact does not necessitate the existence of any potential 
series in the same order as that in revival. The fact that a 
series of ideas, etc., arises in the order, 


p. 
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is no proof that stored up in our ‘empty cabinets’ is a number 
of ideas, a, 6, c, d, etc., which drop out, as it were, one by 
one. The existence of an initial tendency in mental reproduc- 
tion requires a far different conception of the present moment 
of consciousness. When written in symbolic form, as words, 
etc., the series seems to presuppose a number of discrete units 
which seem to exist in chain-like form in consciousness. But 
with such a series, how account for the initial tendency? In 
any series, a, 4, c, d, etc., a jump back from d to a or to 4 will 
neglect, apparently, the intermediate member, 4, and this 
vaulting process, a mental gymnastic, as it were, can hardly 
be explained by any ‘mediate’ association, backwards. For 
the series runs on ahead, forward, and not backward. A skip 
from a to d might be due to ‘mediate’ association, but ‘mediate’ 
association cannot be called in to explain the apparent jump 
backward. I shall try to give a rational explanation of both 
forward and backward ‘jumps,’ and shall attempt to show the 
futility and falsity of any explanation by ‘mediate’ association. 

Now, instead of supposing the stimulus alone to exist as a 
conscious moment in the subject, in the light of the facts pre- 
sented, we can add the tendency to revive a series in a forward 
direction, which tendency I represent by . Instead of repre- 
senting the present moment by a, or 4, or f, therefore, it should 
be represented by gz, p giving us the stimulus or that portion 
of it operating, and ~ the tendency of the present moment to 
pass on in serial order. But in addition, I think it safe to add 
another factor, or rather to point out another factor which ex- 
ists in the present moment of consciousness. The portion p of 
the present moment exists, not z” adstracto, but in a series; as 
such, besides its own meaning, besides the meaning which it 
has in general, it has a specific meaning due to its position in 
the series ; its meaning becomes narrowed, as it were, because 
of its serial connections. Thus, in the distribution of cases 
(See p. 248), and also in Tests III and IV, the same cue revived 
different series, and in some cases with the same boys. Thus 
(See p. 246) /, being in different series, had a different meaning 
according to the series in which it was revived. In some cases 
the series was ‘/ chatter, chatter, etc.,’ in others it was, ‘but J go 
on forever.’ This meaning, both as such and as serial, I wish 
to represent by m. The entire present moment may therefore 
be represented by 

pmn 

m standing for the meaning both fer se and as modified by the 
series, and ” for the tendency to develop the series in which the 


stimulus exists. Expressing the fact that pn may be in any 
place in the series, and may, therefore, explicate the series at 
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different points, depending upon its position in the series, we 
have as the present moment, 


pm,n,. 


The present moment of consciousness cannot be an isolated 
idea, but is rather an entire disposition, such disposition being 
excited by the stimulus or cue, and having in it (1) a meaning 
and (2) a tendency to explicate the series implicit in it. This 
meaning and this tendency, moreover, have not dropped from 
the heavens above, but have been developed by a previous suc- 
cession or successions. Such successions, instead of being rep- 
resented by the discrete members, 


may rather be symbolized by the formula, 
an, bmn,. cmn,, dm . . . PM,N,. 


What is revived by the cue or stimulus is not an idea, 7” ad- 
stracto, but rather an entire disposition, having a tendency to 
develop the series implicit in it. Now, given this present mo- 
ment with its meaning and its tendency, it makes no difference 
what part of the series it begins to develop. It may begin the 
series, or it may start at some part of the series immediately 
following the stimulus. For the present moment in its entirety, 
pm, n,, ts the series in summation, and as such may develop 
the series at any point which the attitude calls for, There is 
no ‘mediate’ association either way. It is only when we consider 
p alone that ‘mediate’ association may be considered. But 
when / m, n,, is taken as a whole, ‘mediate’ association must 
drop out, both as a problem and as a fact. 

It is only this conception of the present moment of con- 
sciousness, I think, which can account for the initial tendency, 
and (though I mention this by the way) for the apparent 
‘mediate’ association. When the cue is given, there is revived 
in the mind of the subject an entire disposition, which repre- 
sents, by its meaning and its tendency, some series or part of 
a series which has been previously developed. This tendency 
in explicating the series begins at such point as is necessary 
fully to develop the present moment, to expand its meaning, 
to enable it to ‘fit’ in its position. Now it makes no difference, 
as I have said before, where the tendency becomes realized. 
It may operate in an initial direction forward, or in a fromward 
direction forward, and in the latter case it may even skip a 
member or a set of members in the series. Looking at the 
present moment from this point of view, instead of from the 
older atomistic standpoint, we can, I think, explain the initial 
tendency, and at the same time remove the problem of ‘mediate’ 
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association. There is no actual skip either way. The series, 
or what there is of it, is a// there, and exists implicitly in the 
present moment. When we examine the series, there seems to 
have been some mediation, perhaps. But as a moment of con- 
scious life, such mediation did not exist. Zhe mediation exists 
in the logical analysis of the series by an observer and is one of 
the many striking examples of the psychologist’s fallacy. The 
whole series is present, and where and how it becomes expli- 
cated depends upon how much of it is roused, how closely it is 
organized, how much unity exists in it, and so on. 

Before closing my account, I wish to make some minor ob- 
servations, both psychological and otherwise. In arranging 
the cases, there was forced upon me the fact that with boys of 
ability above the average, with boys who show care, such abil- 
ity being manifest in the tests given by good memory, thor- 
oughness of preparation, etc., in such cases, the initial tendency 
was more “equent than with the rest of the boys. I do not 
mean to s.y that any general power was shown. Only, that 
where care or ability had resulted in better work as far as 
memorizing the selection was concerned, such care and ability 
having already been previously manifest, this care and ability 
in memory was concomitant with a very evident initial tend- 
ency, whereas the poorer scholars manifested a tendency in the 
fromward direction. In addition, it is seen that the earlier 
tests show a greater number of initial cases; and in these tests 
the piece was much more thoroughly and longer known than 
in the latter tests. It is, however, hardly fair to compare these 
tests, since it is evident that in many cases the position of the 
word and its meaning would determine largely whether the 
tendency was to be initial or fromward. There would have to 
be many more cases, and exact correlation before a more stable 
generalization could be made. But in general I should be per- 
fectly willing to estimate the ability or care of the boys ex- 
pended in the work, by the presence of the initial tendency. 
A rough and tentative classification could, I think, be made. 
This seems, moreover, to coincide with the conception of the 
present moment of consciousness above expounded. For it 
seems natural that where special effort or ability has been put 
forth, the result would be to establish a more closely organized 
disposition, a better developed meaning, a more complete or- 
ganic whole. Such disposition would tend to realize itself 
from the beginning, and not in piecemeal fashion. I offer 
this as suggestion only, and not as a valid generalization. 

Finally, the above results agree with numerous empirical 
observations in other directions. The above tests were re- 
stricted to verbal series with meaning. But similar results 
may be noticed in manual work and motor adjustments. For 


~ 
ad 
4 
i 
4 
4 
te 
‘ 
? 
q 
p? 


252 ARNOLD. 


example, when a boy is told to correct a drawing, his tendency 
is to begin it again, and he shows this either by rubbing out 
the whole drawing, or by asking for another paper. Or, if he 
is building with blocks, and is not satisfied with some part, he 
will often throw down the whole structure and begin again. 
The spasm which a child exhibits when, in a rage, he tears up 
his paper because of some error which has been pointed out to 
him, should, I think, be treated as a realization of initial tend- 
ency (which has been checked perhaps by refusal), and not as 
a fit of the ancient Adam. So in reading, and in the other 
arts, the child’s tendency to begin all over should not be 
checked, for it seems to be the natural working of his mind. 
Much wasted effort and much disagreeable work could be 
avoided if this initial tendency were properly respected. Any 
error made is not an error fer se, but an error which destroys 
serial unity, serial meaning, and before further meaning can 
be developed, the whole series must, perhaps, be gone through 
in toto before progress is again possible. Hence the initial 
tendency. The error has no organic connection with what 
follows, and a new start must be made. 

My tests were given to boys, and as such, these tests must 
be taken for what they are worth. I have found, however, 
that as far as I am concerned, my mind works in a similar 
manner. Even if what I have presented be not wholly ac- 
cepted, I hope it will bring into proper light both the initial 
tendency and the fromward tendency, and the newer concep- 
tion of the present moment of consciousness. 


ON JUDGMENTS OF “LIKE’’ IN DISCRIMINATION 
EXPERIMENTS. 


By FRANK ANGELL. 


The class of judgments, which we in a general way term 
“‘like,’’ have had a checkered career in experimental psychol- 
ogy. Originally more or less explicitly included by Fechner 
among his doubtful judgments in the Method of Right and 
Wrong Cases, they gradually acquired more and more exposi- 
tive significance until we find them forming a basis for a loga- 
rithmic law of sensory memory (Wolfe) and for establishing a 
theory of recognition. (Lehmann. ) 

And the ontogenetic development of this class of judgments 
with a kindly consistency often follows the phylogenetic: re- 
agents who, at the beginning of a series of experiments, rarely 
and hesitatingly set down the symbol for a ‘“‘like’’ judgment— 
often in the later part of the work, come to express their con- 
victions of likeness with underscored emphasis. 

The factors whose presence in consciousness may bring 
about a judgment of ‘‘like’’ are probably numerous and cer- 
tainly multifarious, and among them isa variation in tendency, 
noted by the writer in a previous investigation (PAz/. Stud., 
XIX, 19-20) to judge certain differences as like according to 
the variety in differences in value between norm and variable 
in the other comparisons of a series. 

The existence of such a tendency was noted by Bruno 
Kampfe in his experimental testing of the Method of Right 
and Wrong Cases (Ail. Stud., VII, 548), and later on, the 
tendency appeared as a ‘‘by-product’’ from judgments on 
weights according to the Method of Constant Difference in 
Martin and Miiller’s ‘‘Analysis’’ (S. 22). 

The object of the present investigation is a further analysis 
of this tendency in the hope of throwing more light upon this 
ambiguous class of judgments. 

The scheme of experimentation for such an investigation is 
simple: a number of judgments, sufficiently large to serve asa 
basis for generalizing, is taken according to the method of con- 
stant differences with relatively small differences between norm 
and variables; this series is followed by a second containing 
some of the differences between norm and variable represented 
in the first, together with other and larger differences. The 
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second series is then compared with the first with regard to 
“‘like’’ judgments on pairs of stimuli common to the two series. 
If there are more ‘‘like’’ judgments in the second series than 
in the first the chances are that this has been brought 
about by the inductive influence of the larger differences; if in 
addition, the judgments of ‘‘like’’ are attended by a stronger 
conviction of likeness, the probabilities are very great that the 
effect is due to the presence of the larger differences. The ap- 
paratus used was the sound pendulum.’ 

The reagents sat, of course, with their backs turned towards 
the instrument and at a distance of about ten feet; they were 
wholly ignorant of the object of the experimentation and of the 
procedure. At the beginning of the work, the series with the 
small differences (A) alternated in the experimental hour with 
the series of large differences (B). Under these conditions, 
however, the reagents became aware of the transition from one 
kind of series to another, as was indicated by the confused na- 
ture of the results. Accordingly the remaining period of work 
was divided into halves, the first of which was taken with the 
judgments of small differences (A), and the second with the 
larger judgments (B). Under these conditions the reagents 
were not aware of the transition, and although in the course of 
the later series they became aware of greater ease in judging, 
they referred it, so far as they formulated their impressions at 
all, to practice, favorable disposition on a given day, or what 
not. 

An hour’s sitting gave a set of four series with ten judg- 
ments in a series. Intwo of these series the reagents were 
given full time to write down introspections; in the remaining 
two the pairs of stimuli succeeded one another rapidly without 
time for recording the result of any other introspection than 
the judgment. The object of this was partly to collect enough 
material for statistical conclusions, and partly to overcome the 
irregularities in methods of judging which constant introspec- 
tion tends to bring about. The question to be answered was:— 
‘‘How do differences in the scale of stimuli values affect judg- 
ments of ‘‘like’’? and it might too easily come about that the 
native hue of comparison would be so sicklied o’er with the 
hue of introspection as to obscure the tendencies under investi- 
gation. At the same time the introspections in the alternate 
series might well serve as a check on the generalization from 
the figures. The order of the variable in a given series was 
first determined by chance—a fact with which the reagents were 
made acquainted; this order was reversed and repeated in sub- 


1This instrument has its scale given in degrees. There is no rea- 
son why the readings should not give directly the fall-height of the 
pendulum bob. 
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sequent series until it had passed through all the conventional 
time-order and serial order changes, after which a new order 
was likewise determined by chance. The reagents noted their 
judgments according to the categories of ‘‘Louder clearly;’’ 
‘‘Louder;’’ ‘‘Like;’’ ‘‘Softer;’’ ‘‘Softer clearly’’ and ‘‘Doubt- 
ful,’’ the last named comprising the very few cases where a 
difference was perceived with the undetermined direction. The 
judgments of ‘‘like’’ were further divided into positive and 
negative according as they were attended by a conviction of 
likeness or resulted from an inability to perceive a difference. 
This list of seven categories of judgment is more formidable in 
logical analysis than actuality; the judgments themselves are 
unitary processes and the act which classifies them in no wise 
interferes with the processes themselves, in such a way for ex- 
ample, as would the injunction to watch the accompanying 
imagery. 

Table I gives the general results in the two groups of 
experiments—group A with relatively small differences be- 
tween norm and variables—group B with small and large dif- 
ferences. The average number of judgments for each of the 
four reagents is about 216 in group A, and 245 in group B. 
The difference in number of judgments in the two time orders 
is relatively small. 

Taking now the number of judgments on the five variables 
common to the two groups, we find that group A (small differ- 
ences) gives 147 ‘‘like’’ judgments in a total of 599 judgments 
of all kinds, or 24.5%, while group B gives 138 judgments of 
“‘like’’ in a total of 489 of all kinds, or a per cent. of 28.2. That 
is, the effect of the large differences mixed in with the small is 
to increase the proportional number of judgments of ‘‘like,’’ 
even when working against the tendencies of practice. More 
clearly is this effect shown in the character of the ‘‘like’’ judg- 
ments; for in group A the underscored or clear judgments of 
‘like’? make up but 33.8% of the total number of ‘‘like’’ 
judgments, while in group B the corresponding proportion is 
40.6%. That is, in the group containing the larger differen- 
ces, the reagents delivered proportionately more ‘‘like’’ judg- 
ments and had proportionately clearer conviction of likeness. 
The excess of ‘‘like’’ judgments in the B group on the varia- 
bles common to the two groups is, however, not large—not so 
large indeed as the writer expected, but the reason is not far 
toseek. In the case of one reagent the proportional number 
of like judgments was greater in the A group than in the B in 
the proportion of 33 to 30, while the number of underscored 
judgments was practically alike in the two groups. But seem- 
ingly in this case no less than in the other reagents the gen- 
eral trend of the series influenced the ways of judging. For 
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TABLE I. 
Number and kind int af Judgments for each Variable and both Time 
Orders. Four Reagents. Norm equals r. 
(A) Small difference between Norm and Variables. 


0.7 | 0.8|0.9| 1.0] 1.1] 1.2] 1.4 | 1.6 | Totals. 
Time Order. |r 2) 1 2) 2) 2) 2 r 2] r 2} 2 
Louder Clearly| 1 1 12) 4 16} 2 1/9 1/22 2! 67 
Louder I 5 18/18 29/31 22/12 8\20 5|16 2/122 |121 
Like Clearly aig git Il} 2 2/0 3/0 23] 36 
Like 2 2) 9 512 18/15 11] 3 9] I 2] 63 | 70 
Doubtful o 2:6 3/3 3/1 5/2 21 6 O|F 15] 22 
Softer 18 1/14 3)24 21| 6 14) o 18) 2 12/ 24] 75 |103 
Softer Clearly 5 2 2| 4 6/0 2] 0 14] IO} 57 | 34 
Sums 55 5244 4480 8571 7946 4341 4444 4441 43422 434 
Total 856 
(B) Small and large differences between Norm and Variables. 
0.4 | 0.7] 0.8|0.9| 1.0| r.1 | 1.7 | 2.0 | 2.6 | Totals. 
Time Order. | 1 2} 1 2) 1 2) 2) 2] 2) 2} 2 
Louder Clearly! 0 44) 0 22} 0 12}0 4) 2 0 1/29 
Louder 6] o 26] § 29) 6 24) 9 38) 5 4/23 6/16 1/16 3/3 1) 83 |r 
Like Clearly © Or O|O 1/3 Grr 10/4 10} 0 Of O OC} 25 | 34 
Like 3/7 13) 4 3/10 I 0 45} 39 
Doubtful Or 25 3}0 0 O|O Of} 22] 22 
Softer 5 O13 026 3/24 8 14| 2 I 26) 0. 7/102 
Softer Clearly |46 0/32 ol19 4 0| 2 0 I} 0 2} 15} 0 22] 41\103 I 
Sums 51 5048 4949 4751 4880 81 14 2347 4951 4547 5145 50483 493 
Total 976 


this reagent is what we might term ofa positive or impulsive type 
of temperament; in the statements of his everyday conversa- 
tion he rarely uses qualifying words, but adds them, if he deems 
it necessary, in a subsequent sentence. In the A series he un- p 
derscored 60% of his judgments as against an average of 19% 
for the remaining three reagents. In the B series, however, 
with all its easily noted differences, his per cent. of underscored 
judgments was only 61, while in the case of the rest it rose 
from 19 to 36. In the case, therefore, of the impulsive re- 
agent, the effect of the large differences was the reverse of what 
it was with the more deliberative type; starting out with a high 
degree of confidence in the correctness of his judgments this 
reagent was somewhat shaken in his confidence by the pres- 
ence and obvious differences of the second series, so that he 
became more cautious and circumspect in his comparisons. 
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Reagent Co., on the other hand, is of a pronounced delibera- 
tive type; he is very careful in forming his opinions and cau- 
tious in expressing them. ‘‘It seems to me,’’ “‘I think,’’ or 
the deliverance of a judgment in the form of a question, are 
his usual ways in making statements. And as was to be ex- 
pected, the effect of the course of the experimentation was the 
reverse of what it was on A. Not only did he have more 
“‘like’’ judgments in the B series than in the A, on differences 
common to the two series, but his proportion of judgments 
marked ‘‘clearly’’ was about eight times as great. (The actual 
figures are, A series, 1.8%; B series, 16%). That is, he not 
only had a greater tendency to judge ‘‘like’’ in the B series, 
but he had much greater confidence in his judgments, though 
he actually made more correct judgments of ‘‘like’’ in the series 
with the small differences, in the proportion of 28% to 16%. 

Reagents Na. and Ya. come in between the extreme types Co. 
and Al. but approaching more closely Co. They represent the 
most common type among students. 

We find here, therefore, two conditions affecting the num- 
ber and correctness of judgments of ‘‘like:’’1° the Type: 
some individuals are more prone to express judgments ot 
‘ike’ than others, and this difference corresponds to the dif- 
ference between deliberative and impulsive temperaments. 
This disposition, however, is not to be confounded with a 
tendency producing similar results with reagents who are not 
well-trained, viz., an inclination towards either judgments of 
“‘like’’ or of ‘‘unlike’’ as a result of a more or less vague no- 
tion of the general conditions of the experimentation. 2° The 
inductive effect of the course of the experimentation; series 
containing mainly large differences between norm and com- 
parison call forth other judgments with given differences than 
those containing mainly small differences; the usual effect of 
the series with large differences is to increase the proportion of 
judgments of ‘‘like.’’ 

A third effect which has been clearly shown by previous in- 
vestigations is that of time; the number and accuracy of judg- 
ments of ‘‘like’’ decrease with the time-interval between norm 
and compatison, though that this decrease always follows a 
logarithmic ratio, or that it is due to the ‘‘fading’’ of a mem- 
ory image are in no wise matters of fact. The number of judg- 
ments of ‘‘like’’ fall off with the increase in time-interval be- 
cause reagents maintain more constant bodily conditions in the 
short intervals than in the longer, and the accuracy falls off be- 
cause there are fewer direct acts of comparison, though what 
the terms of these simple comparisons may be, to what cate- 
gory of sense they may belong, is not easy to determine. ( Vide 
Hayden, Memory for Lifted Weights, 4m. Jour. Psy., XVII, 
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p- 497; Angell, Comparison of Shades of Gray, etc. Phil. Stud., 
XIX, S. 20.) 

In comparing simple stimuli like shades of gray or sounds, 
the usual process seems to be that reagents begin with nega- 
tive judgments of ‘‘like;’’ that is, the judgment ‘‘like’’ is de- 
livered because the reagents fail to note any difference between 
norm and comparison; and is not usually due at first to a con- 
viction of likeness or a feeling of familiarity even after the re- 
agents have begun to feel acquainted with the stimuli. Thus 
- on the second day of the present investigation, a series of five 
comparison sounds were given without a corresponding norm, 
which the reagents were to compare with the norm used two 
days previously. At this time, although the reagents had 
made but 39 comparisons of sounds produced with the sound 
pendulum, these one term judgments were delivered in most 
cases quickly and often with considerable conviction of cor- 
rectness. But in the subsequent judgments of this day there 
were no underscored judgments of ‘‘like;’’ that is, the judg- 
ments of ‘‘like’’ at this stage were still negative. It is at this 
stage, therefore, that these judgments are hardly distinguish- 
able from the so-called doubtful judgments, and they further 
agree with the latter in taking a relatively long time in forma- 
tion. In the course of time, however, this absence of a differ- 
ence becomes a positive mark, so to speak, and such judg- 
ments are often delivered with more or less of a conviction of 
likeness. And along with this there grow up other positive 
signs which form bases for judgments of ‘‘like;’’ as the writer 
has before remarked (of. cit. S. 18.): ‘‘When a series of com- 
parisons is made up of stimuli differing in part but a little, and 
in part not at all, from the norm stimulus, the judgment of 
‘‘like’’ may be attended by a conviction of likeness which very 
often is due to the feeling, mood, tension sensation or even ac- 
cidental circumstance.’’ 

In the present investigation the tension sensations were usu- 
ally located in the ear; Al. notes repeatedly ‘‘muscular sensa- 
tions in the ear,’’ and Co. speaks of ‘‘reaction in ear.’’ Res- 
onance, referred sometimes to the external passages of the ear, 
sometimes to ‘‘echo’’ was frequently used as a basis for dis- 
crimination. In two cases, ‘‘a feeling of familiarity’’ with the 
norm formed one term of the comparisons, for Cl., the most 
experienced observer, and in another instance an organic sen- 
sation served the same purpose for Co. who notes that a ‘thrill 
was experienced resulting from R, as significant, and this dis- 
turbance was held over till R, came.’ The acoustic image of 
R, was not often noted, and when noted it did not seem to es- 
pecially assist in discrimination. Cr. speaks of ‘‘A clear mem- 
ory image but it did not help comparison.’’ When held over 
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for comparison, the acoustic image frequently took some other 
form than that of its prototype: Al. several times says that the 
‘“‘memory image’’ is continuous between R, and R, and this 
continuous form of reproduction of momentary stimuli, is fre- 
quent in sound and tone discrimination. 

It is evident that the judgments gotten from experiments of 
this kind with discrimination of such simple stimuli as sound 
and shades of gray can enter only in part, and perhaps in small 
part, into the construction of a theory of recognition. In 
the first place, most of the judgments of ‘‘like’’ in the early 
stages of the investigation must be excluded as inferences. Of 
course it was only at the beginning, if at all, that these infer- 
ences approximated an explicit form, such as ‘‘I perceive no 
difference, the stimuli must be alike.’’ They quickly became 
more and more syncopated and condensed until they existed as 
an abstract state of knowing (Bewusstheit)— abstracted, that 
is, from any background of imagery or sensation, acoustic, 
motor or otherwise. But that in this vicarious form, many of 
the judgments were still essentially inferences, and not direct 
recognitions is shown by the inductive effect of the ‘‘unlike’’ 
judgments which formed, so to speak, the major premise for the 
condensed inferences. 

Even with the absolute, or free judgments we have to do 
rather with cases of cognition or at best of class recognition 
than with the recognition of a specific impression. The ex- 
periment of the second day of this investigation (vide p. 258) 
when, after having delivered but 39 judgments on these sounds, 
the observers were able to compare stimuli with a norm given 
two days previously, shows how quickly the stimuli were 
classified. 

It is further to be observed that in discrimination experi- 
ments where a definite plan of response to stimuli is set before 
the observers, a state of affairs ensues which is very unlike the 
ordinary conditions of recognition. There is, for example, a 
greater difference between discrimination of tones and the ‘‘ab- 
solute’ recognition of a tone than lies in the relative number 
of terms of comparison. In his article, ‘‘Ueber das absolute 
Gehor’’ (Z. f. Psy., III, S. 267) J. v. Kries writes that ‘‘In 
the first place it can come to pass that the hearing of a tone can 
produce in me immediately a certain name, say ¢, but never- 
theless, I am left in a state of doubt as to whether I heard ¢ or 
d. On the other hand, recognition is not excluded by the fact 
that in hearing a tone I feel no immediate impulse to give it a 
definite name.’’ This is a very different mental condition from 
that of which Ach gives an account in his reaction experiments 
in discrimination. (Ueber die Willenstatigkeit und das Denken, 
S. 88.) He says, ‘‘After the sensation had developed, especi- 
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ally in the case of the colored cards, the name of the color in 

question, red or yellow, was mentally spoken with a certain 
affirmation or assent, after which the fingercame up. In other 
cases blue or yellow was apprehended as colored according to 
roe language of the instructions and after this the motion fol- 
owed.”’ 

In the present investigation, the decision on the compara- 
tive loudness of the sounds, became practically a reaction or 
response to the second sound in terms of ‘‘louder,’’ ‘‘softer,’’ 
or ‘‘like;’’ these terms or some abstract equivalent for them 
were ‘nascent,’ to use a Spencerianism, and when the com- 
parison sounded it was immediately thought of as under one of 
the catagories.’ Occasionally it was classified by means of 
some sensory sign,—resonance for example, but usually the 
classification resulted without sensory or ideative basis. 

How far beyond the conventional scheme of comparison these 

sses had gone is shown in the case of Observer Cr., who 
classified the sounds as unlike on the basis of a feeling of 
familiarity belonging to the norm—the recognition of one 
sound thus forming the criterion of a differerence. But 
the judgments of ‘‘like’’ in discrimination experiments with 
simple stimuli seem to be rarely recognitive; they are 
most usually based on inference or on cognitive classifica- 
tion, and when recognitive they are more apt to arise from 
imagery and sensations that are accidental than from the 
stimuli forming the direct objects of discrimination. 


1Cf. Whipple, Discrimination of Clang3 and Tones (Am. Jour. 
Psy., 12, Pp. 445) 
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Instituts Solvay. Travaux de Sociologie. Notes et Mémoires. Misch 
et Thron, Editeurs. Bruxelles et Leipzig, 1906. Fascicule 1. Note 
sur des Formules d’Introduction al Energétique physio- et psycho- 
soctologique. Par E. Souvay. pp. 26. Fascicule 2. Esquisse d'une 
Sociologie, par EMILE WAXWEHILER. pp. 306. Fascicule 3. Les 
Origines Naturelles dela Propriété. Essai de Sociologie Comparée. 
Par R. Petrucci. pp. xvit246. Fascicule g. Sur quelques Er- 
reurs de Méthode dans l’Etude de l' Homme Primitif. Notes 
Critiques. Par Louis Wopon. pp. 37. Fascicule 5, L’Aryen et 
Anthroposociologie. Etude Critique. Par le Dr. EMILE Hovze. 
pp. 117. Fascicule 6. Mesure des Capacités Intellectuelle et Ener- 
gétique. Notes d’ Analyse statistique. Par CHARLES HENRY, avec 
Remarque additionnelle (Sur UInterprétation Sociologique de la 
Distribution des Salaires) par EMILE WAXWEILER. pp. 77- 

The number and extent of its publications are an indication of the 
activity of the recently established ‘‘Instituts Solvay,” one of the scien- 
tific foundations of the Belgian capital. The first monograph, by the 
founder himself, is an attempt to condense in two mathematical form- 
ulz the physiological expression, on the one hand, and the psycho- 
logical expression (of organic reactions) on the other, of the life of 
any given isolated individual, and to indicate the modifications of 
these formulz necesssary to adapt them to the case of an individual 
no longer isolated by living in social relations. Society is something 
more than the sum of a number of individuals and the productive in- 
tellectual capacity of each individual is an important interventional 
factor. The energy of a social group is likewise not newly and purely 
the sum of the utilizable individual energies of the people composin 
it. The goal of M. Solvay’s sociology is ‘‘to reduce to fundamenta 
physico-chemical actions, the ensemble of biological and sociological 
phenomena.”’ 

In his ‘‘Outlines of Sociology,’’ Emile Waxweiler, who is a professor 
of the University of Brussels, treats, in the first part, of sociology 
(adaptation to environment, living mz/ieu and social milieu, sociolog- 
ical phenomena in comparative sociology) and, in the sécond, socio- 
logical analysis (sources and method, social formation, social apti- 
tudes, activities and synergies). Professor Waxweiler defines ‘social 
ethology,” or ‘“‘sociology,’”’ since that term already exists, as ‘‘the 
science, or rather, the physiology of the reactional phenomena due to 
the mutual excitations of iudividuals of the same species without dis- 
tinction of sex.’’ The basis of social affinity is the ‘impression of or- 
ganic likeness (similitude),’’ and the evolution of man’s nervous sys- 
tem has determined characteristic phenomena from the sociological 

int of view,—‘‘the faculty of perceiving inter-individually specific 

ikeness of organization proceeds on a par with what is called the 
manifestations of intelligence, 7.¢., with the complexity of the ner- 
vous system’’ (p.74). More and more has man become ‘‘the animal 
formed by the other individuals of his species.” The author styles 
primitive ‘those men, who, with regard to the greatest mesological 
complexity attained at a given epoch, have remained at an elementary 
stage of the development of their sensibility (or, in other words, their 
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reactional potentiality), and civilized, ‘those who have put this 
potentiality in unison with the variety of environmental stimuli.’’ 

Sociahility, ‘‘the human for social impression,’ belongs 
properly to man alone. Prof. Waxweiler accepts the recapitulation 
theory and holds that ‘‘the peoples who have remained close to the ini- 
tial moment of phyletic evolution are more like the child of the civi- 
lized man than like the civilized man himself” (p. 112). The “‘social 
personality”? of an individual consists of three elements,—‘‘an en- 
semble of physical adaptations, an ensemble of psychic adaptations, 
and a sort of ‘‘mental plant’’ (or stock of tools, etc.),—this might bet- 
ter, perhaps, be termed idiotropism than social personality. When 
the individual has completed his education (in sociability especially) 
he has acquired a certain representation of the other individuals of 
his species, a representation which is ‘‘essentially polymorphic’”’ 
(p. 136). The phenomena of mental parallelism (telepathy) rest upon 
social synethia, leading to coincidence of intuitions. In accordance 
with the development of man’s sensibility and the increase of the so- 
cial polymorphism due to the intensification of culture, the desire of 
the like evolves towards a form implying now only occasional and 
- elective rapprochements. The most complete human type to- 

ay is, that of the ‘‘individual who ‘finds himself again’ in the least 
= in a large number of his fellows, towards whom he feels himself 

rawn by lively impulses, but who does not ‘find himself again’ com- 
pletely, or even, in large part, in any one.’”? The only activities of 
the individual which interest the sociologist are his exterual activi- 
ties, and those only in so far as they ‘‘produce effectively in another 
individual of the same species, without distinction of sex, a certain 
reaction’”’ (p. 169). Activities are distinguished as conjunctive, pro- 
tective, injurious, competitive, divulgative, gregarious, repetitive, ini- 
tiative, acquisitive, selective; the social synergies a conformity, inter- 
dependence, cephalization, co-ordination, conscience, etc. There is 
much interesting matter in this volume and the bibliography (pages 
297-306, 2 cols. to page) proves the author’s wide reading,—he has 
made good use of the Pedagogical Seminary and the writings of 
American devotees of “child study.’’ But for all this his book is, as 
he terms it, properly enough, ‘‘a sketch.’’ A useful feature is the 
“sociological dictionary (pages 281-295) containing some 2,200 terms 
without definitions, of more or less sociological import, gleaned from 
the vocabulary of the French language. 

R.Petrucci’s essay in comparative peychology, “The Natural Origins 
of Property,” treats in large measure of the idea of property in the in- 
fra-human world of life (pages 1-77) and then, less extensively, of its 
first developments in man. The earliest form of property is the pre 
obtained by the unicellular organism by reason of the needs of nutri- 
tion. At this biological stage we meet also the permanent or transi- 
tory colonial organization of unicellular animals, on which is grafted 
asort of primitive form of property of the “family type.”’ Even in 
the vegetable world, however paradoxical it may seem at first, an an- 
alogous state of affairs exists, the possession of the soil by plants in- 
dividually and collectively constituting ‘‘property”’ of the two kinds 
in question. The development of these forms of property is traced by 
the author in the molluscs and worms, insects, arachnids, crustacea, 
fishes, reptiles and batrachians, birds and mammifers and man (only 
the primitive hunting and pastoral stages being considered, as they 
present the simplest forms of human property, and the discussion of 
the juridical forms of property lies outside the scope of the work). 
The contrast between the crushing collectivism of certain insects and 
the greater significance of the individual and the family among the 
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vertebrates is emphasized. In the birds are to be seen the forerun- 
ners of individual, family and group property, the further develop- 
ment of which characterizes the mammals. The chapter on ‘‘The a 
First Forms of Property in Man”’ (pages 179-218) is not very satisfac- ft 
tory, as the list of authorities cited (pp. xiv-xv) would almost neces- a 
sarily imply. Before an exact statement of the facts of property 
among primitive peoples can be made, certainly the records of the in- j 
vestigations of the experts of the Bureau of Ethnology, the Jesup a 
North Pacific Expedition and other equally valuable studies concern- a 
ing some of the least civilized and most primitive people, of the world, 
must be thoroughly digested. Such researches as that of Dr. Jenks 
on the wild-rice and its use by the Indians of North America, Boas’ 
brief account of property-marks among the Alaskan Eskimo, etc., are 
significant here. The relation of ‘‘bachelors’ houses,’’ puberty-cabins 
and other isolation places for men and women at various periods of : 
life to the general institutions of primitive man needs more careful q 
study; also the relation between puberty, etc., and art-production as 

connected with property-sense. According to Petrucci, the uncivil- 
ized peoples exhibit essential characteristics already seen in the ani- 
mals below man: food-reserve, hunting-ground, possession of shelter, 
all these are grouped according to the same individual, familial, col- 
lective forms. With man individual property appears in weapons, 
tools and clothing, while the family side of property is found in the 
shelter (dwelling house) and the collective or group aspect in the 
hunting ground and territory exploited, but these distinctions have 
no impassible limits. The greatest element of perfectibility possessed 
by primitive man, according to the author, is ‘“‘the weapon and the 
tool, which, in the beginning are one and the same.’’ The permanent 
utilization and the improvement of weapons and tools and the adap- 
tation of clothing as a sort of defense agaiust the environment, 
sparing at the same time his organic activity, are some of the chief ad- 
vantages of man over the other animals. Man’s hand and its ‘‘pro- 
longation”’ in the tool and weapon made primitive property a fact. 
Things that are merely transient with the animals have become fixed 
and permanent with man. Among other things, Petrucci holds that 
the family is not a social unit, but ‘‘a formation fer se,’’ that social . 
evolution is not bound up with organic evolution, nor is the social 
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phenomenon connected directly with intellectual evolution. In a a 
chart-appendix is given a conspectus of the ‘‘comparative sociology of ae 
the phenomena of property.’’ 


Professor Wodon’s ‘‘Errors of Method in the Study of Primitive Man” 
is an incomplete and rather unsuccessful effort to controvert the prin- 
cipal theses in Biicher’s Die Entstehung der Wirtschaft and Arbeit 
und Rhythmus. The views of Biicher, which are particularly antag- 


onized, are the general theory of the non-economic and non-industrial a 
character of the condition of man (Wodon styles it ‘‘eco- 
nomic chaos);’’ the doctrine of the economic separation of the sexes ei 
(Wodon maintains, ¢. g., that, in the case of the Indians of the Xingu Than 


in Brazil, where sex-distinctions in labor are reported to exist, the 
distribution of work between the sexes is really in correlation with 
their natural aptitudes; the division of labor in vogue here has noth- 4 


ing in common with the “isolation” of Biicher); and the theory that ag 
work has developed out of non-work, play and art having existed be- ae 
fore the serious activities to which the name of ‘‘work’’ may be given, ei 
while, rhythm has been one of the principal economic factors of evo- Ay 


lution. In combatting Biicher, Wodon makes good use of the mate- ; 
rial in Grosse’s Die Anfange der Kunst and Die Formen der Familie. j 
According to the author, Biicher’s primitive manis ‘‘a mere phantom. Wi 
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less real even than the homo oeconomicus of the classic economists,’”’ 
But this contention needs much more proof than is vouchsafed in this 
small monograph. 

The articles of C. Henry and the ‘‘Note’’ of E. Waxweiler are math- 
ematical studies of the sociological problem of the measurement of 
the intellectual and ‘‘energetic’’ capacities of a given collectivity. 
The three papers of Henry treat respectively of ‘‘the criterium of ir. 
reducibility of statistical exsembles.’? ‘‘The decomposition of pseudo- 
binomial curves into binomial curves,’’ and ‘‘cotes et mesures.’’ Dr. 
E. Houzé, the author of the monograph on ‘‘The Aryan and Anthro- 
po-sociology,’’ is Professor of Anthropology at the University of Brus- 
sels, and his aim is to show that the ‘‘so-called Aryan’ is ‘‘not a 
primitive people, but an inventiou of the study-room,’’ and that 
“anthropo-sociology”’ and its alleged ‘‘laws’’ are based on ‘‘funda- 
mental errors, statistical, anatomical, physiological, psychological 
and historical.”’ In the first part of his study Professor Houzé dis- 
cusses the ‘“‘Aryan’”’ from the linguistic, historical, archeological and 
anthropological points of view, reaching the conclusion that, after all 
“there is no Aryan question,’’ and that it is absurd to recognize among 
the various peoples of Europe ‘‘one human type superior to all others 
and ¢he factor in all civilizations.’’ The morphological Aryan does not 
exist; never has existed; and archzologic search for him is utterly 
vain. Aryan linguistics is a deceitful thing and has been responsible 
for many vagaries of ‘‘science.’’ Europe has been the scene of the 
development of interesting forms of human culture, but their inspira- 
tion has not been chiefly ‘“‘Aryan’’ nor Asiatic. The second part of 
the monograph is devoted to ‘‘anthropology,’’ and in it the author 
points out that just as all civilizations have been produced by peoples 
and not by special types, the value of intelligence can never be re- 
vealed by examinations of human skulls;—all theories seeking to 
make psycho-physiological deductions from craniometry are necessa- 
rily false. The ‘‘pseudo-anthropology’’ of Lapouge and his school 
receives special attention in the third section, on “‘anthropo-sociology,”’ 
which is styled a futile attempt to mix two distinct sciences. This 
book is interesting reading for those among ourselves who have added 
to the ‘‘Aryan”’ by imagining an ‘‘Anglo-Saxon’’ as the goal of his 
complete development. One is as non-existent as the other, if we be- 
lieve Houzé. ALEXANDER F. CHAMBERLAIN. 


L’ Agrandissement et la Proximité Apparentes de la Lunea L’Horizon. 
Ed. Claparéde. Archives de Psychologie, 1906, V, 121-146. 


Preliminary to presenting his own views Claparéde reviews previous 
theories put forward to account for the fact that the moon appears 
larger at the horizon than at the zenith. 

The theories he discusses and puts aside as false or inadequate are re- 
fraction, pupilary dilation, fall of the crystalline lens, comparison, 
contrast, direction of the glance, overestimation of angles, weakness of 
peripheral vision, further distance at horizon. The last theory seems 
to him the most tenable and he explains it in some detail. It depends 
on the well established law of vision that for a given retinal image the 
object corresponding to that image seems larger where it is judged 
more distant. The moon is judged further away at the horizon and 
hence is seen larger. But against this, Chanaside brings forward a 
series of experiments made by himself, and others by Zoth, showing 
that to 120 out of 125 persons the moon appears not further away at 
the horizon but much nearer. 

In order to hold the classic explanation and at the same time ac- 
count for the fact as established by Claparéde’s experiments that the 
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moon at the horizon appears nearer, we must suppose that two con- 
tradictory judgments can take place in the same mind at the same 
time:—first, the moon at the horizon is more distant and therefore is 
seen larger, and second, the moon is larger and therefore nearer. 

By means of an experiment with stereoscopic images obtained by 
convergence and divergence, Claparéde found that the image of diver- 
gence which is judged further away and therefore seen larger, at 
times appeared nearer than the image of convergence, thus proving 
the possibility of two contradictory judgments taking place at the 
same time. 

But even though this be so, the hypothesis seems improbable and 
os is led to look for thecause of the illusion in another sphere, 
in the region of affection rather than of mere perception. Our affective 
attitude in perceiving the moon at the horizon differs from that in 
perceiving the moon at the zenith. In the first case we regard the 
moon as a terrestrial object either because it is not at first recognized 
or because it is in the terrestrial zone. Now objects in the terrestrial 
zone interest us more than objects in the sky. This change in im- 
portance we translate into a change in size. Because the moon at- 
tracts more attention at the horizon, we see it larger. 

To establish this factor, Claparéde experimented with a picture in 
which two moons appear, one at the horizon, the other at the zenith, 
and caused each to disappear in turn by means of a small black disk 
put over it. Fourteen out of twenty persons who observed the picture 

ot the illusion of the moon at the horizon as larger. Here neither 
Tieenen, form of the sky, direction of the glance could play the least 
réle. The affective factor must have been the only one operative to 
cause the illusion. 

But fourteen affirmative judgments out of twenty is not sufficient to 
establish any conclusion. The outcome of the paper has been simply 
to leave the problem richer by two unproved hypotheses. 

Bryn Mawr College. V. ROBINSON. 


Die Schatzung von Bewegungsgrissen bei Voderarmbwegungen. Ros- 
WELL P. ANGIER. Zeits. f. Psy., 1905, Vol. XXXIX, pp. 429-447+ 


The movements studied were of the elbow joint only, with the arm 
moving horizontally. The movements compared were always in the 
same direction and between objective limits. The distances varied be- 
tween 9.2cm. and 10.8cm. with one of the two distances compared al- 
waysiocm. Angier was the only subject. Several series of experiments 
were made (always with closed eyes) to test the influence on the dis- 
crimination sensibility of differences in rapidity, in resistance, in posi- 
tion of the starting points of the movements compared and also to 
compare the precision of judgment in active and in passive move- 
ments. 

His results are summarized as follows: The precision with which 
length of movement is estimated (at least in the case of the experi- 
menter) is affected neither by resistance nor by change in the position 
of the arm (provided new muscles be not brought into play), nor yet 
by the passivity of the movement. A constant error is, however, in- 
troduced when the velocity of the comparison movement is made 
greater than that of the standard. In that case, the comparison move- 
ment is overestimated in 92%, of the wrong judgments. For passive 
movements the proportion rises to 94%. In these comparisons the 
standard movement was made at a rate called ‘natural’ by the author. 

The conclusions of previous experimenters agree with these, or at 
least do not contradict them, with saaned to resistance, position and 
passivity. On the question of velocity, however, Delabarre and Loeb 
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reached directly opposite conclusions. They found that quickly made 
movements were underestimated. Falk affirmed that the velocity 
was without influence on the judgment of length. 

In attempting to account for the constant error due to velocity, 
Angier remarks that it cannot be due to the stronger muscular con- 
traction which takes place in swifter movements, since the same error 
appears when the movements are passive. He finds the source of the 
error in the effect of the greater momentum of the rapidly moving 
arm. On coming in contact with the limiting objects, a sort of re- 
bound takes place, the outcome of which is an ‘irradiation of stimu- 
lus’ in the joint, hence the overestimation. But, however one may 
account for the velocity-results of Angier, his experiments as well as 
those of his predecessors (Bloch, Kramer Moskiewicz, and Falk), con- 
firm the conclusion of Goldscheider that the judgment of length of 
movement depends essentially upon joint-sensations. 

The investigations of Angier and of his predecessors leave much to 
be desired on the score of accuracy in the determination of the veloc- 
ity. Angier used a metronome to time himself; the others apparently 
did the best they could without the help of any apparatus. Further 
progress in the study of constant velocity-errors will depend, it seems, 
upon a method which will make possible exact measurement of the 
rate of motion and upon a wider range of experimentation with re- 
gard to length and direction of the movements compared. 

Bryn Mawr College. JAMEs H. LzEusa. 


Sex and Society, studies in the social psychology of sex. By W. I. 
THomas. University of Chicago Press,1907. pp. 325. 

The nine papers here printed are essentially disconnected, having 
all been previously printed in journals, most of them in the American 
Journal of Sociology. They are of extremely different degrees of 
merit. Inthe chapter on the psychology of modesty and clothing, 
the author shows a regretable ignorance of the best literature on the 
subject, although he makes one or two interesting and novel sugges- 
tions. The adventurous character of women is made up of certain re- 
flections of the author and is the most original chapter in the book. 
In the mind of man and the lower races again the author shows strange 
ignorance of the best literature upon this subject, although some of 
his suggestions are fresh. The chapterson the relations between sex, 
primitive industry and morality are interesting compends. As a whole 
the author shows a unique combination of freshness of thought and 
partial scholarship that is rather characteristic of what is popularly 
thought to the Western type of mind. Here, he glides smoothly over 
waters, the depth of which he does not dream and his remarks are 
trite and commonplace in the extreme. A few pages later, he drops 
suggestions that are well calculated to stimulate new thought. The 
author probably made no effort to cover in any systematic way the 

round designated by his title. The critic is therefore somewhat 
Bafiled between a desire to congratulate and praise and the sense that 
he ought tocensure. The title of the book is suggestive of far more 
than it contains and this leaves the writer and the publisher somewhat 
open to the suspicion of being unduly anxious to produce something 
that would sell. 


Die Abstammung des Menschen und die Begingungen seiner Entwick- 
elung Fir Naturforscher Artze und gebildete Laien dargestellt 
von Dr. MoRITz ALSBERG. T. G. Fisher, Cassel, 1902. pp. 248. 

The writer seeks to show that there can be no doubt of a former 
diluvial man of low culture, quite distinct from modern races. Man 
is not at the head of the animal kingdom in all parts of his organiza- 
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tion, nor is the pithecanthropus the direct predecessor of modern 
man. The development of the latter can be traced to a relatively low 
developmental stage of mammalian life. Man is a branch of a tree 
which grew to considerable height without branches. Migrations of 
primitive men probably gave the first impulse to the oldest racial 
types. The smaller stature of women has nothing to do with the dif- 
ferent social positions in the past. 


The Biology, Physiology and Sociology of Reproduction; also Sexual 
Hygiene with special reference to the male. By WINFIELD S. 
HALL, 1906. Herbert A. Ray, Chicago, 1906. pp. 138. 

The author treats reproduction, essentially from the standpoint of 
biology and gives an introductory chapter treating of egoistic and 
hyletic activities and sacrifices and compensation in both these fields. 
he rearing of young always involves sacrifice and should be met con- 
sciously in the interests of the race. The second chapter describes the 
physical and psychical changes connected with adolescence. The 
third is devoted to the anatomy and physiology of the male organs 
and the last to the sexual hygiene of the adolescent male with extremely 
lain talk upon illicit intercourse, sexual diseases, continence, diet, 
ths, exercise, sleep and the control of these. In an interesting ap- 
pendix, typical questions selected from those actually asked the lec- 
turer by young men areanswered. The book certainly has the merits 
of brevity and of plainness. 


Der Mensch und seine Tracht threm Wesen nach geschildert, von 
Fritz Rumpr. Mit 29 Tafeln. Alfred Schall, Berlin, 1905. 
PP- 330- 

This work is of very great value. The author has gone very 
deeply into his subject and the few dozen cuts at the end Ps the hook 
are well chosen from a mass of possible selections so vast as to make 
choice hard. Our chief criticism of the work is that it is over-sys- 
tematized. For instance, his main divisions are costumes for pilgrims, 
soldiers, vocations and society. Pilgrim’s costumes are classified as 
for warmth, for coolness, for dryness and for health. Soldiers’ cos- 
tumes are for flight, defence, capture, battle, striking, thrusting. 
The utility garbs are for hunting, herding, building, travel, unifor- 
mity. The social costumes are those that distinguish sex, race, rank, 
associations, etc. Among the supplementary costumes are those that 
appeal to the ear, nose, taste, touch. The author’s historic studies 
have been extensive and careful. The work is written rather more 
from an anthropological than from a philosophical or psychological 
standpoint. 


Die Schipfungstage, Umrisse zu einer Entwickelungsgeschichte der 
Natur. Von WILHELM BOLSCHE, mit zehn Bildern nach Original- 
zeichnungen von Heinrich Harder. Carl Reissner, Dresden, 1906. 


pp. 88. 

Within the last few years we have had a number of interesting 
attempts to present a brief outline of evolution to school children. 
This seems to the writer the most successful of the few dozen or so 
that have yet appeared and that have come within his knowledge, but 
nevertheless, to be still unsatisfactory. It ought to come fully dowu 
to man and to our thinking to be even more fully illustrated than by 
the ten full page cuts here found. This field is full of a kind of loom- 
ing mystic magnitude and hence we can think of no domain in which 
the scientific imagination both for artist and writer should have freer 
scope. It is this aspect of the work that seems to us chiefly lacking 
in all the booklets of this class and it is toward this general charac- 
terization that evolutionary principles are slowly progressing. 
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The Law of Suggestion,a compendium for the people. By REV. 
STANLEY LEFEVRE KREBS. Science Press, Chicago, 1906. pp. 157. 
This little book sketches the ancient history of suggestion with re- 
cent experiments and describes methods of hypnotizing and of admin- 
istering suggestion, the use of indirect, positive and negative suggest- 
ion, refutes objections, describes dangers and in the last chapter 
describes some extraordinary phenomena. The great law is iteration, 
a law known to advertisers and moralists. By insistingin season and 
out of season upon the right precepts, conduct tends to work out 
character along the same lines. Most dangers are imaginary. The 
author gives four rules for the — of self-control. They are to sit 
still, stand still, look still and be still for two minutes each. 


Essai sur les Passions, par TH. Rrsor. Felix Alcan, editeur, Paris, 
1907. pp. I92. 

This volume is written with all the lucidity, comprehension and 
incisiveness of the author at his best. He first discusses at consider- 
able extent what passion really is. Here our only criticism is that he 
has far too little to say of its phyletic origin which to our mind is one 
of the chief problems. Then in the second and third chapters on the 
genealogy of passion he seems to the writer tocome little incontact with 
the rich and fruitful suggestions that arise for either the paleontologic 
or the psycho-genetic field. He has evidently paid more attention 
to abnormalities than to the study of normal development of pas- 
sions in children. The fourth chapter is a unique specimen of a dis- 
cussion which while extremely interesting, is yet extremely schematic. 
In answer to the question how passions expend themselves, they end 
in one of five ways: either by exhaustion, by transformation, by sub- 
stitution, in insanity or in death. He very well remarks that people 
of intensely passionate nature are as rare as geniuses. 


Les Substituts de ? Ame dans la Psychologie moderne, par NICOLAS 
KOostyLEFF. Felix Alcan, Paris, 1906. pp. 228. 

This somewhat startling title hardly justifies in the end the curiosity 
which it excites. The first of these substitutes is the chemical con- 
cepts of soul according to which consciousness is explained as the 
summation of epiphenomena. Under the head ‘‘ Mechanical Concep- 
tions of Life,’’ the author has treated at length only Zender and has 
little to say of the larger school of which he is a member. In the 
third part, he undertakes to criticise psychical deliverances as they 
are conceived by Hering, Wahle, Mach, Avenarius, Ostwald and Las- 
witz. Of all these he is most attracted to the view of Mach. In the 
fourth part, he attempts to co-ordinate psychic deliverances with those 
of objective science treating of the mechanism of memory, mental 
images, abstract ideas, the ego, etc. 


Mental Development in the Child and the Race. Methods and Proc- 
esses. By JAMES MARK BALDWIN. With17 figures and Ig tables. 
The MacMillan Co., New York, 1906. pp. 477. 

This book reaches its third edition in celebrating its full decade. 
The author leaves it essentially as originally written, the revision 
being mainly in matter of details and exactness of exposition. He 
also announces a significant volume on the principles of genetic 
science in which the ideas of his series will be thrown together into 
concise and reasoned form. In this volume that is here announced, 
the outcome of the whole endeavor will be estimated and set forth in 
relation to the literature of several sciences to which these earlier 
books respectively relate. We forbear here to undertake criticism of 
this author’s work until the appearance of this later volume. 


